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ABSTRACT 
The purpose of this study was to determine the effectiveness of an instructional 
regimen designed to reduce classification errors of production drawings in a group 
technology (GT) system currently being used by a manufacturer in both domestic and 
foreign operations. Analyzing the number of correctly classified drawings by class-
sized units of test subjects from Iowa State University provided the means to evaluate 
the effectiveness of the instructional regimen. During the study, test subjects 
classified 16 production drawings from eight GT categories. 
The study used a 2 x 3 factorial design coupled with an analysis of covariance 
(ANCOVA) procedure. Experimental units (blocks) were intact classes from the 
Colleges of Business, Engineering, and Education. Treatments were the presence or 
absence of an instructional regimen. The covariates were test subjects' college, 
number of semester hours of collegiate-level credit, number of months worked for a 
manufacturer in a production assignment, number of secondary or post-secondary 
technical drafting courses specifically related to manufacturing, number of secondary 
or post-secondary drawing or illustration courses not specifically related to 
manufacturing, and number of secondary or post-secondary manufacturing courses. 
It was found that main effects of the test subjects' college and the instructional 
regimen were statistically significant at an alpha level of 0.05. Interaction between 
the test subjects' college and the instructional regimen, and covariate effects were not 
statistically significant at an alpha level of 0.05. A post-hoc ANCOVA analysis was 
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conducted with the main effects and interaction eliminated. The post-hoc test results 
revealed that the number of secondary or post-secondary manufacturing courses taken 
was statistically significant at an alpha level of 0.05. 
The study revealed that test subjects receiving a technical education 
(engineering and technology) correctly classified significantly more production 
drawings than test subjects receiving a non-technical education (business) when tested 
at an alpha level of 0.05. The study also revealed that test subjects receiving 
industrial technology-based rather than industrial engineering-based educations 
correctly classified significantly more production drawings when tested at an alpha 
level of 0.05. 
1 
CHAPTER I: INTRODUCTION 
For more than twenty years, America's Gross National Product (GNP) has 
been characterized by a trend indicating a steady positive increase in net value. 
McConnell (1987) defines GNP to include "...the total market value of all final goods 
and services produced in the economy in one year." However, the increasing GNP 
does not necessarily indicate a healthy American economy if one considers the 
dynamics of why the increase may be occurring. For example, Baumol & Blinder 
(1985) attribute the increasing GNP to a shift from manufacturing to the service 
sector of our economy. Baumol and Blinder explain that this shift is being caused, in 
pan, by the trends of increasing disposable income and decreasing amounts of time 
spent at work, as they illustrated in Figure 1. 
Hours 
Earnings 
190S 1920 1935 1950 1965. 1980 1995 
Ytar 
Figure 1. Trends in real wages and hours worked 
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The shift from manufacturing to services has, in many cases, limited 
America's ability to remain competitive in a global market for the sale of 
manufactured goods. To counter the negative effects of this shift away from the 
production of tangible products, American manufacturers have attempted to bolster 
their competitive positions by implementing stand-alone technologies "such as 
computer-numeric-control machine tools, robotics, flexible manufacturing cells, 
flexible manufacturing systems, computer-aided-drafting, computer-aided-machining, 
and computer-integrated-manufacturing" (Walker & Meier, in press). On the other 
hand, the limited success that American manufacturers have met in strengthening their 
competitive position prompted the United States Congress to mandate in the 1991 
Defense Authorization Bill that a competitive re-vitalization plan be developed in 
implemented by the year 2006 (Goldman & Preiss, 1992). 
Revitalizing competitive ability in both domestic and foreign markets has 
become a unifying trend throughout the manufacturing sector of American industry. 
Agile manufacturing, which encompasses component technologies such as flexible 
manufacturing and sub-component technologies such as group technology (GT), has 
recently become a focal point in revitalization efforts (Port, 1991). To support this 
effort, research continues in the development of group technology (GT) systems 
which categorize the parts, sub-assemblies, and assemblies used in manufacturing 
operations. The goal of all such research is to enable manufacturers to make or 
purchase parts more cost effectively. Accordingly, GT technology may be defined as 
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"...a manufacturing philosophy in which similar parts are identified and grouped 
together to take advantage of their similarities in manufacturing and design" (Groover, 
1987, p. 431). 
However, the focus of current GT research appears to be in the identification 
of individual part characteristics and development of appropriate categories, rather 
than concentrating on how to actually classify those parts, sub-assemblies, and 
assemblies (Hyer and Wemmerlov, 1985; Han and Ham, 1986; and Xu and Wang, 
1989). As manufacturers seek to realize the benefits of GT — primarily through 
reduced costs ~ they are beginning to recognize a shortcoming in current GT 
methodologies. Most notably, it appears there may be a problem in the classification 
process whereby manufacturers actually assign a part, sub-assembly, or assembly to 
categories within their GT systems. As a result of misclassifying parts within the GT 
system, manufacturers are experiencing lower-than-expected profits because they miss 
opportunities to utilize the same types of equipment and machine set-ups during 
production. 
One company seeking to buttress their competitive position through GT is the 
Graphic Systems division of Rockwell International. In particular, Rockwell is 
beginning to form long-term contractual agreements for the production of parts, sub­
assemblies, and assemblies from their GT system with a limited number of suppliers. 
Through this effort, Rockwell anticipates significantly reduced costs and enhanced 
quality of incoming components for their manufacturing operations. 
However, Rockwell is currently encountering difficulty in realizing any of the 
intended benefits of group technology (GT) due to classification errors of parts, sub-
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assemblies, and assemblies. In an initial survey of 2,000 production drawings, it was 
determined by the researcher that 47 percent of the production drawings were 
misclassified, according to the categories in Rockwell's GT system. 
Rockwell's classification difficulties are indicative of a bigger problem which 
has been identified and discussed in the literature. Currently, there is no research on 
ways to help manufacturers actually complete the process of properly classifying 
production drawings. Unfortunately, if manufacturers are unable to correctly 
implement it, the usefulness of a GT system is severely hindered, or in some cases 
negated. It is imperative then, that research be directed at enabling manufacturers to; 
• correctly classify their parts, sub-assemblies, and assemblies, and 
• determine what skills and background are needed to perform the 
categorization task. 
Statement of the Problem 
Manufacturers employing GT commonly misclassify production drawings. 
These errors hinder, or in some cases negate, the competitive advantages which group 
technology was intended to provide. 
Purpose of the Study 
The purpose of this study was to determine the effectiveness of an instructional 
regimen designed to reduce classification errors of production drawings in a group 
technology (GT) system. 
Research Questions 
Descriptive and inferential statistics were used to answer tiie research questions 
in this study. 
Research Questions Answered by Descriptive Statistics 
1. What types of educational majors characterize individuals participating 
in this study? 
2. Which categories of production drawings were most frequently 
classified correctly by each group? 
3. Which categories of production drawings were least frequently 
classified correctly by each group? 
Research Questions Answered by Inferential Statistics 
4. Did test subjects with 96 or more semester hours of collegiate-level 
credit correctly classify more production drawings than test subjects 
with 95 or fewer semester hours of collegiate-level credit? 
5. Did test subjects with industrial experience in a production assignment 
correctly classify more production drawings than test subjects with no 
industrial experience in a production assignment? 
6. Did test subjects with secondary or post-secondary technical drafting 
courses correctly classify more production drawings than test subjects 
with no secondary or post-secondary technical drafting courses? 
Did test subjects who had completed secondary or post-secondary 
drawing or illustration courses correctly classify more production 
drawings than test subjects with no secondary or post-secondary 
drawing or illustration courses? 
Did test subjects who had completed secondary or post-secondary 
manufacturing courses correctly classify more production drawings than 
test subjects with no secondary or post-secondary manufacturing 
courses? 
Did test subjects who received the instructional regimen correctly 
classify more production drawings than test subjects not receiving the 
instructional regimen? 
Did test subjects who have technically-based educations (industrial 
technology and industrial engineering) correctly classify more 
production drawings than test subjects with non-technically-based 
educations (business)? 
Did test subjects who have industrial technology-based educations 
correctly classify more production drawings than test subjects with 
industrial engineering-based educations? 
Did the mean number of correctly classified production drawings differ 
from college to college (Business, Engineering, and Education)? 
Was there an interaction between the main effects of college and the 
instructional regimen. 
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Research Hypotheses 
To address the research questions, the following hypotheses were tested: 
1. There is a significant difference in the number of correctly classified 
production drawings between test subjects with 96 or more semester 
hours of collegiate-level credit and test subjects with 95 or fewer 
semester hours of collegiate-level credit. 
2. There is a significant difference in the number of correctly classified 
production drawings between test subjects with industrial experience in 
a production assignment and test subjects with no industrial experience 
in a production assignment. 
3. There is a significant difference in the number of correctly classified 
production drawings between test subjects with secondary or post-
secondary technical drafting courses and test subjects with no secondary 
or post-secondary technical drafting courses. 
4. There is a significant difference in the number of correctly classified 
production drawings between test subjects with secondary or post-
secondary drawing or illustration courses and test subjects with no 
secondary or post-secondary drawing or illustration courses. 
5. There is a significant difference in the number of correctly classified 
production drawings between test subjects with secondary or post-
secondary manufacturing courses and test subjects with no secondary or 
post-secondary manufacturing courses. 
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6. There is a significant difference in the number of correctly classified 
production drawings between test subjects receiving the instructional 
regimen and test subjects not receiving the instructional regimen. 
7. There is a significant difference in the number of correctly classified 
production drawings between test subjects receiving technically-based 
educations (technology and engineering) and test subjects receiving non-
technically-based educations (business). 
8. There is a significant difference in the number of correctly classified 
production drawings between test subjects receiving technology-based 
educations and test subjects receiving engineering-based educations. 
9. There is a significant difference in the mean number of correctly 
classified production drawings among the colleges involved in the study 
(Business, Engineering, and Education). 
10. There is a significant interaction between the main effects of college 
and the instructional regimen. 
Delimitations of the Study 
1. This study used students enrolled at Iowa State University during the 
Fall Semester 1994 as test subjects. 
2. This study used intact 300 and 400-level classes to obtain the sample. 
Assumptions of the Study 
1. The categories used in the GT system were valid. 
2. The production drawings used in the study were correctly categorized. 
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3. The test subjects involved with the study had the basic knowledge 
necessary to learn how to classify production drawings. 
4, The test subjects involved with this study attempted to correctly classify 
production drawings to the best of their ability. 
Definition of Terms 
The terms used in this study are defined as follows; 
Aspect Ratio - the ratio of height to width in a manufactured part. 
Factorial - an experiment design where each experimental unit 
receives the treatment at two or more levels. 
Final Goods - goods purchased by their ultimate users. 
Group Technology CGT) - a categorization of parts, sub-assemblies, and assemblies 
based on common geometrical features. 
Instructional Regimen - A means of instruction which encompasses multiple 
methods of delivery such as lecture, videotapes, handout 
materials, and exercises. 
SAS - statistical application software. 
Service Sector - that sector the economy that does not produce physical 
products. 
Services - labor which does not result in the production of a 
tangible product. 
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Procedure of the Study 
1. The researcher conducted a review of literature. 
2. Rockwell-Goss, International, a manufacturer utilizing a group 
technology system, determined a need for improving the accuracy of 
classifying production drawings. 
3. The researcher analyzed 2,000 production drawings to determine the 
extent of classification errors. 
4. A representative sample set of 16 production drawings was selected 
(more detail in chapter 3). 
5. An instructional regimen was designed and developed by the researcher 
(more detail in Chapter 3). 
6. The instructional regimen was validated by a panel of experts at Iowa 
State University and Rockwell-Goss. 
7. An experiment was designed to test the effectiveness of the instructional 
regimen. 
8. Delivery of the instructional regimen was video-taped to eliminate bias. 
9. A pilot study was conducted. 
10. Delivery of the instructional regimen was modified based on the results 
of the pilot test. 
11. The experiment was conducted and test subject response data were 
collected. 
12. The data were analyzed using the SAS software package. 
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13. The final report was written basing conclusions and recommendations 
on the study findings. 
14. The complete report was presented to the program of study committee 
for final approval. 
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CHAPTER II: REVIEW OF LITERATURE 
Group Technology (GT) has been defined in very broad terms as "...a 
manufacturing philosophy, the basis of which is recognition of similarities in the 
design and manufacture of discrete parts" (DeVries, Harvey, and Tipnis, 1976). 
More focused is a definition of GT set forth by Bobrowicz (1988) whereby he stated 
"...[that GT consists of] a family of parts that have a common material composition, 
form, and condition, plus a set of features endowed during the manufacturing 
process." These definitions mark the departure point for a detailed review of 
literature related to GT, which will include historical perspectives, a summary of 
countries currently using GT, a description of GT attributes, coding schemes, 
identification of existing GT systems, research in development of new GT systems, 
and implementation issues in computer-integrated and non-computer-integrated 
manufacturing environments. 
Historical Perspectives 
Since the beginning of the Industrial Revolution, manufacturers have sought to 
improve productivity and reduce cost. Toward these ends, manufacturers engaged in 
planned experimentation with personnel management techniques (Burbridge, 1979). 
Manufacturers also engaged in research and development of manufacturing strategies 
(Syfer, 1993). Such research and development activities eventually led to the formal 
introduction of what is known today as GT. 
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Snead (1989) explained that GT was first introduced by R. R. Flanders in a 
presentation to the American Society of Mechanical Engineers in 1925. In that 
presentation Flanders called for the "Standardization of product, departmentalization 
by product rather than process, and minimized transportation." Snead also expalined 
that in 1937, the Russian engineer A.P. Sokolovskiy further refined the concept of 
GT when he suggested that "...parts of similar configuration and features be 
manufactured by standard processes." Since 1937, the concept of GT has diffused to 
nearly every industrialized country. 
Countries Currently Using GT 
Accounts of GT implementation, on a global basis, are numerous. Table 1 
identifies several countries which have implemented GT and refers the reader to 
several related studies and journal articles. 
Table 1. Global use of GT 
COUNTRIES USING GT RELATED RESEARCH 
Australia (Parry, 1975) 
Canada (Denny, and May, 1978) 
China (Jiang, Wang, and Sun, 1993) 
Hong Kong (Chen, 1983) 
India (Kumar, 1987) 
Malaysia (Fong, 1979) 
Mexico (Nuno, Shunk, Padillo, and Beltran, 1993) 
United States (Finnie, 1988) 
(Malecki, 1985) 
(Lowinger, 1975) 
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The GT systems implemented in each of these countries are inherently 
different, mainly in the area of coding and classification subsystems where many 
options for categorizing parts are possible. At the most fundamental level, however, 
all GT systems have in common that they are based on one of three sets of attributes: 
Design attributes, manufacturing attributes, or a combination of design and 
manufacturing attributes known as hybrid attributes. 
GT Attributes 
GT attributes form a basis for describing how "families of parts" are grouped 
in to categories. 
Design Attributes 
Asfahl (1992) indicated that design attributes are part characteristics specified 
at a particular point in the production cycle - the design phase. Design attributes 
encompass descriptions of part geometry, tolerance specifications, and feature 
locations (such as holes, slots, pockets, and key ways). Common examples of part 
families based on design attributes include shafts, gears, floor plates, frames, 
eccentrics, bearings, and shims. Design attributes also encompass special 
considerations such as surface preparation, hardening, annealing, tempering, and 
painting ~ all of which are specified during the design phase, but may also be 
considered as steps in the manufacturing process. 
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Manufacturing Attributes 
Because manufacturing attributes are commonly used as a basis of GT system 
design, they describe families of parts in terms of the manufacturing processes or 
operations used to produce that family of parts (Asfahl, 1992). Common examples of 
part families based on manufacturing attributes include milling, turning, abrading, 
castings, and weldments. 
However, some manufacturers found that neither design attributes nor 
manufacturing attributes sufficiently describe the families of parts they produce and 
have worked to develop a more useful set of attributes. 
Hybrid Attributes 
Inflexibility and the potential for confusion when describing a family of parts 
by strictly design attributes or manufacturing attributes has hindered the effective 
implementation of GT. To be more effective at describing families of parts, and to 
reduce confusion, many manufacturers have developed GT systems based on a 
combination of both design and manufacturing attributes. These systems are known 
as hybrid systems, and are by far the most popular (Kamrani, Parsaei, and Chaudhry, 
1993). Common examples of part families based on hybrid sets of attributes include 
assemblies, subassemblies, forgings, rollers, machined weldments, sheetmetal, brass 
fasteners, and pressed inserts. Regardless of the type of attributes used to group 
families of parts, however, each part has a unique code to differentiate it from other parts. 
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Coding Schemes 
Fuchs (1988) explained that all coding schemes act to describe the following 
parameters of a part; 
• Main shape of the part ~ rotational, box form, or a sheet 
• Shape elements on the main shape of the part — cones, slots, holes 
• Element positions on the part 
• Dimensions - main dimensions, auxiliary dimensions, and aspect ratios 
• Accuracy ~ how critical the tolerances are 
• Material used 
Gallagher and Knight (1986) reported that there are three sets of coding schemes 
which describe parts in GT systems. Coding schemes include monocodes, polycodes, 
or a combination of these attributes known as hybrid attributes. 
Monocodes 
Monocodes, also known as hierarchical codes, describe part parameters in 
descending order of importance (Fuchs, 1988). Most importantly, monocodes are 
very dependent on each other. When, for example, the main shape of a part is a box, 
the second code identifies a shape such as a hole or slot on that box. A monocode, 
then, can have a different meaning depending upon the preceding code. 
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Polycodes 
Polycodes, also known as "stand-alone" codes, do not depend on preceding 
codes for a derived meaning. Using polycodes, the second character in the code 
would, for example, describe a slot. Whether that slot was on a rotational, box, or 
sheet type of part would be irrelevant to the meaning and interpretation of the code. 
This characteristic makes polycodes more useful than monocodes to manufacturing 
engineers (Am, 1975). 
Hybrids 
Hybrid coding structures use matrices of parameters linked to each digit in the 
code. Accordingly, hybrids utilize a hierarchy to define possible shape elements on a 
main shape. Matrices defining element positions then specify where shape elements 
are located on a main part, and this coding pattern continues until a part is completely 
specified with the coding system. Because this type of data representation affords 
manufacturing engineers the most flexibility and compatibility with computerized 
storage and retrieval, hybrids are the most flexible, and hence, the most common 
coding schemes used in GT systems (Min and Shin, 1994). 
Identirication of Existing GT Systems 
Coding schemes based on monocodes, polycodes, and particularly hybrids 
have been developed and implemented in literally every corner of the globe. Table 2 
names many GT systems. The table also identifies the countries known to have 
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implemented these systems, and refers the reader to research studies and related 
journal articles. 
In addition to these GT systems, research continues into developing new 
systems capable of meeting the needs of a dynamic manufacturing environment. 
Much of this research is currently being concentrated in areas identified by Singh 
(1993). 
Table 2. GT coding schemes 
SYSTEM 
NAME 
COUNTRIES USING 
SYSTEM 
RELATED RESEARCH 
Mitrofanov Russia (Mitrofanov, 1966) 
Ivanov Russia (Ivanov, 1968) 
VUOSO Czechoslovakia (Koloc, 1967) 
VUSTE Czechoslovakia (Gallagher, 1970) 
Part Analog USA (Lovelace, 1975) 
Opitz West Germany (Opitz, 1970) 
CODE USA (Dombush and Eiche, 1969) 
Pittler West Germany (Mikton, 1964) 
Gildemeister West Germany (Mikton, 1964) 
Toyoda Japan (Nashizaka and Endo, 1969) 
MICLASS The Netherlands (Houtzeel, 1975) 
TEKLA Norway (Nissen, 1969) 
Gokler UK (Gokler et al., 1982) 
Law UK (Law and Newman, 1978) 
Gallagher UK (Gallagher et al., 1974) 
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Research in Development of New GT Systems 
Singh (1993) reported in a summary of GT research that a great deal of work 
had been devoted to the development of new GT systems. Some of this work took 
the form of papers describing the concept of GT to general audience. Singh also 
reported that the majority of research he summarized was theoretical in nature and 
seemed to focus on development of optimal ways to form part families. Toward this 
end, the following approaches have been taken by researchers working with GT: 
• Coding and classifications, 
• machines -- component group analysis, 
• similarity coefficients, 
• knowledge-based systems, 
• mathematical programming, 
• fuzzy clustering, 
• neural networks, and 
• heuristics. 
In related research, Ganesh and Srinivasan (1993), and Chu (1989) reported 
that array-based methods and graph theoretic models have been used to form part 
families. The commonality among all these papers was that they reported complex 
approaches to forming part families which exclusively relied on computer technology 
for implementation in a computer-integrated-manufacturing environment. 
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Implementation Issues in Computer-Integrated-Manufacturing Enviromnents 
Computer-integrated-manufacturing (CIM) is a term that describes 
manufacturing operations where in all aspects of production are "...tied together into 
one large computer database to provide access to the data by various departments at 
the push of a button" (Vail, 1988). Udo and Udoka (1992) explained that CIM was a 
means to integrate different technologies to create a high degree of automation and 
flexibility. Udo and Udoka identify these technologies in Figure 2. 
As Figure 2 illustrates, the database is the most important component in a CIM 
system. This database stores information regarding literally every aspect of the 
DESIGN 
CROUP 
TECHNOLOGY PRODUCTION 
FABUCATION 
DATA BASE 
/PLANNING 
/ AND 
SCHEDULING, 
MODEUNC.\ 
.SIMULATIONX 
\ OPERATIONS 
\RESEARCH ASSEMBLY 
MATERIAL \ 
HANDUNC 
AND STORAGE 
TEST, INSPECT, EVALUATE, 
QUALITY ASSURANCE 
Figure 2. CIM system components and functional relationships 
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manufacturing operation ~ one aspect of which is part drawings. In a CIM 
environment, electronically generated part drawings (drawings made on computer-
aided-drafting [CAD] systems) are stored directly in the database (Wu, Huang, and 
Yang, 1992). These CAD drawing files are used as a repository for information 
related to GT for that part. Implementation of GT in a CIM environment then 
requires a computer algorithm which assigns GT information to CAD drawings in the 
central database. In Figure 3, Wu, Huang, and Yang depict CIM components 
involved in GT coding and classification processes (CAD files are an output of the 
"Design and Product Engineering" component) — processes which require no direct 
human intervention after the original computer algorithm which makes the 
modifications is written and tested. 
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Figure 3. GT and CAD linkages 
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Implementation Issues in Non-Computer-Integrated-Manufacturing Environments 
CIM requires enormous amounts of capital investment in hardware, software, 
and personnel training (Tambakers, 1989). Because of this, only the largest 
manufacturers have historically been in a position to explore CIM implementation. 
GT implementation, however, has not been limited to the largest manufacturers. The 
American Ceramic Society (1991) reported that of the 360,000 manufacturers located 
in the United States, 98% of these manufacturers were considered to be small or 
medium in size (based on total employment of less than 75 and 500 employees 
respectively). Further, the American Ceramic Society reported that small and 
medium-sized manufacturers account for nearly 25% of the nation's Gross National 
Product. What is significant about these facts is that many of these small and 
medium-sized manufacturers have implemented some form of GT based on manual 
manipulation of hand drawn production drawings, as well as coding and classifying 
these production drawings with human employees ~ as opposed to the completely 
automated sequence of operations occurring in a CIM environment. 
Human intervention in the coding and classification process introduces a 
number of problems, however. Most notably, these problems include errors and 
increased time to realize expected benefits. 
Errors 
Sferro, Boiling, and Crawford (1993) reported that "...errors are inherent in 
manual part coding and classification." These errors may be attributed to lack of 
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education and training, lack of experience, or lack of understanding how to interpret 
rules governing the coding and classification process. These errors may also be 
attributed to the fatigue associated with any repetitive task (Niebel, 1988). 
Time 
Arenberg (1992) acknowledged that speed is of the essence when exploiting a 
new technology such as GT. Accordingly, when small and medium-sized 
manufacturers commit company resources to GT implementation, they expect to 
realize all the advantages of enhanced competitiveness as quickly as possible. As 
such expectations are communicated to employees assigned to complete the coding 
and classification process, pressure to complete the assignment in a timely manner 
also becomes a factor which decreases completion times but increases error rates 
(Gallagher and Knight, 1973). 
In Figure 4, Gallagher and Knight depict the relationship between time and the 
number of correctly coded and classified production drawings. The figure indicates 
that after employees experience a period of learning, they slightly decrease the 
number of production drawings correctly classified per day. The decrease may be 
attributed to pressure from management to complete the coding and classification 
process in a timely manner, or it may be attributed to fatigue from completing 
repetitive tasks (Gallagher and Knight, 1973). 
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Figure 4. Time to code and classify production drawings 
Summary of the Review of Literature 
While GT has existed since the Industrial Revolution, it has only become a 
prevalent practice in manufacturing in the last 75 years. Since its re-birth this 
century, GT has been adopted and implemented, in some form, in literally every 
industrialized country. 
GT systems group families of parts based on design attributes, manufacturing 
attributes, or a combination of these two sets of attributes known as hybrid attributes. 
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Once grouped, families of parts are described by coding schemes where alphanumeric 
codes are used to specify appropriate design and manufacturing parameters. 
Overwhelmingly, the majority of reported research concerns development of 
new GT systems. The research focuses on complex mathematical algorithms (based 
primarily on linear programming) to identify optimal solutions for implementation in 
computer-integrated-manufacturing environments. 
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CHAPTER III: METHODOLOGY 
This study sought to determine if an instructional regimen effectively reduced 
classification errors of production drawings into categories or "families of parts" 
within a group technology (GT) system. 
Upon completing the problem identification, writing the literature review, and 
receiving approval of the research proposal from the program of study committee, the 
following methods and procedures were used to investigate the problem: 
1. Group technology system evaluation. 
2. Experiment design. 
3. Data acquisition. 
4. Data analysis. 
5. Presentation of the summary, conclusions, and recommendations to the 
program of study committee. 
The remainder of this chapter will describe, in detail, the methods and 
procedures that were used to conduct the study. 
Group Technology System Evaluation 
Two thousand production drawings representing parts, sub-assemblies, and 
assemblies from Rockwell's GT system were evaluated. These parts, sub-assemblies, 
and assemblies were targeted for procurement between August 1994 and November 
1995. The Purchasing Manager requested that these production drawings be 
evaluated for correctness of classification prior to initiating the procurement process. 
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Following the evaluation of production drawings by the researcher, several 
modifications were made to the GT system and many of the production drawings were 
then re-classified to reflect changes in the GT system design. This task required the 
researcher to re-evaluate of each of the 2000 production drawings previously 
identified. 
Design of the Instructional Regimen and Response Form 
After completing the GT system evaluation, it was determined by the 
researcher that 47 percent of the production drawings were incorrectly classified. To 
reduce the possibility of additional mistakes in classification of production drawings, 
an instructional regimen and response form was designed by the researcher and a 
colleague. The reference sheets within the regimen consisted of a set of reference 
sheets designed to help individuals correctly classify production drawings (see 
Appendix A). Each reference sheet included an operational definition, pictorial 
examples of representative part geometry, and several helpful hints. The response 
form consisted of a general introduction, assurance of anonymity, instructions, an 
area to record observations, and six demographic questions (see Appendix B). 
Validation of the Instructional Regimen and Personal Data Instrument 
The instructional regimen and the test subject response form were validated by 
a panel of experts within the academic community located at Iowa State University. 
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The "panel of experts" included faculty members serving on this program of study 
committee, representatives from Rockwell-Goss, and additional faculty members 
selected at random. 
Videotape Delivery of the Instructional Regimen 
After minor modifications were made to the instructional regimen and personal 
data instrument following the validation process, delivery of the instructional regimen 
was videotaped to minimize bias which could influence experiment results. 
Experiment Design 
The experiment design used in this study was a 2 x 3 Factorial Design 
(McClave and Benson, 1988; Freedman, Pisani, and Purves, 1978; Agresti and 
Finlay, 1986). The experiment design, as adapted to this study, had the following 
parameters: 
1. Three "blocks" or experimental units (Business, Engineering, and 
Education). 
2. Each block (Business, Engineering, and Education) was balanced with a 
sample size of 20. 
3. Two levels of treatment were used in each block, which included the 
presence and absence of the instructional regimen. 
The block diagram in Figure 5 identifies these parameters and depicts their functional 
relationships. 
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Figure 5. Experiment design 
Select a Set of Drawings 
A set of 32 production drawings was initially selected by members of the 
Rockwell-Goss purchasing department, production engineering department, and the 
researcher. The set included four production drawings from each of eight categories 
within the group technology (GT) system. 
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Four production drawings from each group were then evaluated by different 
members of the Rockwell-Goss purchasing department and production engineering 
department to identify an "easy to understand" and a "difficult to understand" 
production drawing from each GT category. The four production drawings from each 
group were then presented to members of the program of study committee and 
additional professors from Iowa State University to ensure that the two panels of 
experts agreed on the difficulty ratings associated with each production drawing. 
Both panels of experts were in complete agreement regarding the level of difficulty 
ratings assigned to the drawings from each category. 
Sixteen production drawings were then identified and selected for use in the 
experiment by members of the Rockwell-Goss purchasing department, production 
engineering department, and the researcher. The final set of production drawings 
included two production drawings from each of the eight GT categories (one "easy to 
understand" and one "difficult to understand" production drawing from each GT 
system category). The drawings were then arranged to ensure that two drawings from 
the same GT category did not appear next to each other when test subjects completed 
the identification and categorization phase of the experiment. 
The drawing numbers, category numbers, category nomenclature, drawing 
difficulty level, and randomization scheme studied by test subjects in the experiment 
are listed in Table 3. 
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Table 3. GT categories and types of drawings 
DRAWING 
NUMBER 
CATEGORY 
NUMBER 
CATEGORY 
NOMENCLATURE 
DRAWING 
DIFFICULTY 
1 87010 Assemblies & Subassemblies Easy 
2 87045 Milling Easy 
3 87048 Complex Shafts Difficult 
4 87050 Machined Castings Difficult 
5 87010 Assemblies & Subassemblies Difficult 
6 87048 Complex Shafts Easy 
7 87046 Turning Difficult 
8 87049 Rollers and Cores Easy 
9 87045 Milling Difficult 
10 87047 Simple Shafts Easy 
11 87049 Rollers and Cores Difficult 
12 87020 Machined Weldments Difficult 
13 87050 Machined Castings Easy 
14 87047 Simple Shafts Difficult 
15 87046 Turning Easy 
16 87020 Machined Weldments Easy 
Obtain Approval from the "Human Subjects" Review Committee 
Prior to conducting the experiment, appropriate clearances and authorization 
were obtained from the Iowa State University Human Subjects Review Committee in 
accordance with Iowa State University policy regarding research involving human 
subjects (see Appendix C). 
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Data Acquisition 
The data for this study were collected in two phases, which included a pilot 
study and the main data collection effort (for a data summary, see Appendix D). 
Conduct IMlot Study 
A pilot study was conducted to determine the amount of time needed to 
conduct the study under actual conditions and to identify potential problem areas. 
Participants in the study included graduate and undergraduate test subjects from 
Industrial Engineering, Industrial Technology, and Business who used the instructional 
regimen to classify production drawings. 
Pilot study participants classified each of the 16 production drawings to be 
used by test subjects during the experiment. The study revealed a problem whereby 
participants wasted time and became frustrated by having to search through the 
instruction sheets to find a category title which may have been, or may not have been, 
appropriate for the production drawings. 
Modify Regimen and Instrument 
The pilot study led to one major change in the instructional regimen which was 
to use an overhead projector and transparency to display titles of the categories used 
in the GT system. After receiving approval from the dissertation committee 
members, the change was made to the regimen. 
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Dummy Coding 
The response forms were dummy coded prior to distribution to test subjects. 
Dummy coding was used to enable the experimenter to obtain consistent sample group 
sizes of 20 test subjects per group. The coding consisted of a small light blue mark 
on the back of all response forms. Those with a small light blue dot were included in 
the study while forms with a small light blue line were not included in the study. 
Following the dummy coding procedure, the coded response forms were randomized 
and then distributed to test subjects. 
Data Collection Procedures With the Instructional Regimen 
Data collection activities for the three groups using the instructional regimen 
began with the experimenter addressing the test subjects and providing a short 
explanation of what the experiment activity entailed and why it would be helpful to 
Rockwell-Goss and the researcher to participate. Also included in the presentation of 
instructions was a statement that test subjects were not to identify themselves by name 
or social security number, that participation or non-participation would not be a factor 
in their final course grade determination, and that the results of the experiment would 
be reported in an academic journal. 
Test subjects then watched a five minute videotape presentation which 
described how to use the instruction sheets. In particular, the videotape described the 
content, organization, page layout, and use of each sheet in the instruction regimen. 
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The test subjects were allotted five minutes to complete the demographic 
questions on the response forms. They then were allotted 50 minutes to use the 
instructional regimen to complete the drawing identification and classification portion 
of the experiment. Test subjects were also provided with an overhead transparency 
describing the GT system categories to eliminate needless shuffling through the 
instruction sheets while searching for an appropriate category. 
Data Collection Procedures Without the Instructional Regimen 
Data collection activities for the three groups not using the instructional 
regimen began with the experimenter addressing the test subjects and providing a 
short explanation of what the experiment activity entailed and why it would be helpful 
to Rockwell-Goss and the researcher to participate. Also included in the address was 
a statement that test subjects were not to identify themselves by name or social 
security number, that participation or non-participation would not be a factor in their 
final course grade determination, and that the results of the experiment would be 
reported in an academic journal. 
The test subjects were allotted five minutes to complete the demographic 
questions on the response forms. They then were allotted 50 minutes to complete the 
drawing identification and classification portion of the experiment with the use of an 
overhead transparency describing the GT system categories to eliminate needless 
shuffling through the instruction sheets while searching for an appropriate category. 
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Data Analysis 
Upon completion of data acquisition, the data were analyzed using SAS to 
answer each research question and test each respective hypothesis. The statistical 
procedure used to complete the analysis was ANCOVA. 
Verification of Assumptions for ANCOVA 
According to Kleinbaum (1988), ANCOVA analyses are based on the 
following set of assumptions: 
1. The model is linear. 
2. Variance between groups is equal (homogeneous). 
3. Test subjects are selected randomly. 
4. Each test subject is independent from every other test subject in the 
study. 
5. Each test subject will perform independently from every other test 
subject in the study. 
6. The sample is normally distributed. 
Of these, the normality assumption is critical. Violation of this assumption would 
invalidate ANCOVA as a viable statistical procedure for a given data set. To verify 
normality, a two-part test involving the Shapiro-Wilk test statistic and an evaluation of 
graphical representations of the data were conducted (Shapiro and Wilk, 1965). SAS 
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data, program and output files related to this test are located in Appendices D, E, and 
F respectively. 
The Shapiro-Wilk test results are reported in Table 4 (for Shapiro-Wilk test 
program and output files, see Appendices E and F respectively). The test results of a 
significant p-Value (0.0018) at an alpha level of 0.05 indicated that the normality 
assumption was not valid. However, the assumption of normality cannot be rejected 
on the basis of a significant Shapiro-Wilk test statistic alone (Shapiro and Wilk, 
1965), and therefore, further tests of normality were warranted and conducted. 
Table 4. Shapiro-Wilk normality test results 
CHARACTERISTIC VALUE 
Sample Size (N) 120.0 
Sample Mean 9.1 
Standard Deviation 3.4 
Skewness -0.08641 
Shapiro-Wilk Test Statistic 0.0018 
* Significant at alpha level 0.05 
Graphical Representations of the Data were generated based on the results 
of the Shapiro-Wilk test which was statistically significant at an alpha level of 0.05. 
Graphical representations of the data generated to continue the test of normality were 
a stem and leaf plot, a box plot, and a normal probability plot. The stem and leaf 
plot, and the box plot are contained in Figure 6. The normal probability plot is 
contained in Figure 7. 
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Figure 6. Stem and leaf plot, and box plot 
The stem and leaf plot consists of a stem representing the production drawing 
numbers and the leaf representing a histogram of the production drawings which were 
correctly classified by the test subjects. The stem and leaf plot demonstrates that the 
distribution of correctly classified production drawings is approximately normal. The 
spurious peaks and valleys present within the distribution do not indicate a systematic 
deviation from normality. 
The box plot consists of two joining rectangles, where the vertical borders of 
the rectangle indicate the 25th and 75th quartiles of test subjects responses, and the 
center of the rectangle indicates the mean of test subject responses. The box plot 
demonstrates that the sample mean is centrally located within the distribution, which 
further supports the normality assumption. 
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Figure 7. Normal probability plot 
The normal probability plot consists of a line which represents the probability 
distribution of the data. In cases where systematic deviations from normality occur, 
the line depicting the distribution follows an "S-Shaped" curve. The normal 
probability plot for the data of this study indicates that the data follow "roughly" a 
straight line which supports the normality assumption. 
The Shapiro-Wilk test results and the graphical representations of the data, 
when considered together, revealed that the normality assumption for ANCOVA was 
valid. Based on these test results and subsequent analysis of the graphical 
representations of the data, the statistical analysis of the data using the ANCOVA 
procedure was conducted. 
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Statistical Techniques 
The analysis of covariance (ANCOVA) procedure was performed using SAS to 
control for the effects of five continuous variables (covariates) on the three categorical 
variables of interest (main effects and interactions). Control was necessary to assess 
the existence of a particular interaction (colleges and the instructional regimen), and 
to increase the precision in estimating associations of interest (Kleinbaum, 1988). 
SAS program and output files are located in Appendices G and H respectively. The 
ANCOVA model used in this study was as follows: 
P(j = /i + Cj + Ij + Clij + X,V, + X2V2 + X3V3 + X4V4 + XjV5 
Where: 
= Grand Mean 
Ci = Main Effect of College 
li = Main Effect of Instruction 
Clii = Interaction of College and Interaction 
X, = Regression Coefficient 
Xa = Regression Coefficient 
X3 = Regression Coefficient 
X4 = Regression Coefficient 
X5 = Regression Coefficient 
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C, = Number of Semester Hours of Collegiate-Level Credit 
(Covariate) 
C2 = Number of Months Worked for a Manufacturer in a 
Production Assignment (Covariate) 
C3 = Number of Secondary or Post-Secondary Technical 
Drafting Specifically Related to Manufacturing Courses 
(Covariate) 
C4 = Number of Secondary or Post-Secondary Drawing or 
Illustration Courses Not Specifically Related to Manufacturing 
(Covariate) 
Cj = Number of Secondary or Post-Secondary Manufacturing 
Courses (Covariate) 
The dependent variable in this study was the number of correctly classified 
production drawings. The independent variables in this study were test subjects' 
college, number of semester hours of collegiate-level credit, number of months 
worked for a manufacturer in a production assignment, number of secondary or post-
secondary technical drafting courses specifically related to manufacturing, number of 
secondary or post-secondary drawing or illustration courses not specifically related to 
manufacturing, number of secondary or post-secondary manufacturing courses. 
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Research Questions, Null Hypotheses, and Alternate Hypotheses 
To address the research questions, both descriptive and inferential statistics 
were used where appropriate. Research questions involving inferential statistics 
(ANCOVA) were accompanied by research hypotheses stated in both the null and 
alternate forms. 
Research Questions Answered by Descriptive Statistics 
Research questions one through three were addressed by calculating the 
appropriate descriptive statistics. 
Research question one: What types of educational majors characterize 
individuals participating in this study? 
Research question two; Which categories of production drawings were most 
frequently classified correctly by each group? 
Research question three: Which categories of production drawings were least 
frequently classified correctly by each group? 
Research Questions Answered by Inferential Statistics 
Research questions four through thirteen were statistically tested under the 
following null (Ho) hypotheses. 
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Research question four: Did test subjects who had 96 or more semester 
hours of collegiate-level credit correctly classify more production drawings than test 
subjects who had 95 or fewer semester hours of collegiate-level credit? 
Ho There is no significant difference in the number of correctly classified 
production drawings between test subjects who had 96 or more semester hours 
of collegiate-level credit and test subjects who had 95 or fewer semester hours 
of collegiate-level credit. 
Ha i'. There is a significant difference in the number of correctly classified 
production drawings between test subjects who had 96 or more semester hours 
of collegiate-level credit and test subjects who had 95 or fewer semester hours 
of collegiate-level credit. 
Research question five: Did test subjects who had industrial experience in a 
production assignment correctly classify more production drawings than test subjects 
who had no industrial experience in a production assignment? 
Ho 2: There is no significant difference in the number of correctly classified 
production drawings between test subjects who had industrial experience in a 
production assignment and test subjects who had no industrial experience in a 
production assignment. 
Ha 2- There is a significant difference in the number of correctly classified 
production drawings between test subjects who had industrial experience in a 
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production assignment and test subjects with no industrial experience in a 
production assignment. 
Research question six: Did test subjects who had completed secondary or 
p>ost-secondary technical drafting courses correctly classify more production drawings 
than test subjects who had completed no secondary or post-secondary technical 
drafting courses? 
Ho 3: There is no significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary technical drafting courses and test subjects who had completed 
no secondary or post-secondary technical drafting courses. 
Ha 3: There is a significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary technical drafting courses and test subjects who had completed 
no secondary or post-secondary technical drafting courses. 
Research question seven: Did test subjects who had completed secondary or 
post-secondary drawing or illustration courses correctly classify more production 
drawings than test subjects who had completed no secondary or post-secondary 
drawing or illustration courses? 
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Ho 4: There is no significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary drawing or illustration courses and test subjects who had 
completed no secondary or post-secondary drawing or illustration courses. 
Ha 4: There is a significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary drawing or illustration courses and test subjects who had 
completed no secondary or post-secondary drawing or illustration courses. 
Research question eight: Did test subjects who had completed secondary or 
post-secondary manufacturing courses correctly classify more production drawings 
than test subjects who had completed no secondary or post-secondary manufacturing 
courses? 
Ho 5: There is no significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary manufacturing courses and test subjects who had completed no 
secondary or post-secondary manufacturing courses. 
Ha y There is a significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary manufacturing courses and test subjects who had completed no 
secondary or post-secondary manufacturing courses. 
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Research question nine: Did test subjects who received the instructional 
regimen correctly classify more production drawings than test subjects who did not 
receive the instructional regimen? 
Ho j: There is no significant difference in the number of correctly classified 
production drawings between test subjects who received the instructional 
regimen and test subjects who did not receive the instructional regimen. 
Ha 6- There is a significant difference in the number of correctly classified 
production drawings between test subjects who received the instructional 
regimen and test subjects who did not receive the instructional regimen. 
Research question ten: Did test subjects who received technically-based 
educations (Industrial Technology and Industrial Engineering) correctly classify more 
production drawings than test subjects who received non-technically-based educations 
(business)? 
Ho 7: There is no significant difference in the number of correctly classified 
production drawings between test subjects who received technically-based 
educations (Industrial Technology and Industrial Engineering) and test subjects 
who received non-technically-based educations (business). 
Ha 7: There is a significant difference in the number of correctly classified 
production drawings between test subjects who received technically-based 
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educations (Industrial Technology and Industrial Engineering) and test subjects 
who received non-technically-based educations (business). 
Research question eleven: Did test subjects who received Industrial 
Technology-based educations correctly classify more production drawings than test 
subjects who received Industrial Engineering-based educations? 
Ho g: There is no significant difference in the number of correctly classified 
production drawings between test subjects who received Industrial Technology-
based educations and test subjects who received Industrial Engineering-based 
educations. 
Ha i'. There is a significant difference in the number of correctly classified 
production drawings between test subjects who received Industrial Technology-
based educations and test subjects who received Industrial Engineering-based 
educations. 
Research question twelve: Did the mean number of correctly classified 
production drawings differ from college to college (Business, Engineering, 
Education)? 
Ho 9: There is no significant difference in the mean number of correctly classified 
production drawings among test subjects from the colleges involved in the 
study (Business, Engineering, and Education). 
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Ha 9! There is a significant difference in the mean number of correctly classified 
production drawings among test subjects from the colleges involved in the 
study (Business, Engineering, and Education). 
Research question thirteen; Was there a significant interaction between the 
main effects of college and the instructional regimen? 
Ho,o: There was no significant interaction between the main effects of college and 
the instructional regimen. 
Hajo: There was a significant interaction between the main effects of college and the 
instructional regimen? 
48 
CHAPTER IV: ANALYSIS OF DATA 
This chapter contains results of the data analysis conducted as part of this 
study. The purpose of the study was to reduce the number of classification errors of 
production drawings in a group technology (GT) system. The basis of the study was 
a 2 X 3 factorial design. Treatments in the design were the presence or absence of an 
instructional regimen. Experimental groups in the design were class-sized units from 
the Colleges of Engineering (Industrial Engineering), Education (Industrial Education 
and Technology), and Business (General Business). The findings are based on both 
descriptive and inferential statistical analysis. Descriptive statistical procedures 
included determining the total number of correctly classified production drawings, 
while inferential statistical procedures included an Analysis of Covariance 
(ANCOVA). 
Research Questions Answered by Descviptive Statistics 
Research question one was answered by summarizing test subjects' responses 
to questions related to demographics. Research questions two and three were 
answered by determining the total number of correctly classified production drawings 
from each group. 
Research question one: What types of educational majors characterize individuals 
participating in this study? 
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By nature of the experiment design, individuals participating in the study were 
Iowa State University students enrolled in majors offered by the Colleges of Business, 
Engineering (Industrial Engineering), and Education (Industrial Education and 
Technology). No attempt was made to specify particular majors within the College of 
Business, such as accounting, finance, management, or information systems. All 
individuals from the College of Engineering were Industrial Engineering students. No 
attempt was made to differentiate between Industrial Engineering students with 
emphases in manufacturing or production and operations management. Individuals 
from the College of Education were Industrial Technology students. No attempt was 
made to differentiate between Industrial Technology students with emphases in 
manufacturing, safety, or training and development. 
Research question two: Which categories of production drawings were most 
frequently classified correctly by each group? 
Table 5 presents a summary of the production drawings most frequently 
classified correctly by each group (Business, Engineering, and Education). More 
specifically, the table summarizes the four greatest frequencies of correctly classified 
drawings for each subgroup (those receiving the instructional regimen and those not 
receiving the instructional regimen). 
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Table 5. Production drawings most frequently classified correctly 
GROUPS DRAWING CATEGORY DRAWINGS 
NUMBER NOMENCLATURE CORRECT 
(out of 20) 
Business I Assemblies & Subassemblies 13 
(With Instruction) 14 Simple Shafts 16 
15 Turning 15 
16 Machined Weldments 14 
Business 1 Assemblies & Subassemblies 12 
(Without Instruction) 6 Complex Shafts 13 
8 Rollers and Cores 12 
14 Simple Shafts 15 
Engineering 1 Assemblies & Subassemblies 19 
(With Instruction) 12 Machined Weldments 16 
15 Turning 17 
16 Machined Weldments 19 
Engineering 1 Assemblies & Subassemblies 12 
(Without Instruction) 4 Machined Castings 14 
10 Simple Shafts 12 
12 Machined Weldments 16 
14 Simple Shafts 12 
16 Machined Weldments 13 
Education 1 Assemblies & Subassemblies 20 
(With Instruction) 3 Complex Siiafts 17 
6 Complex Shafts 18 
8 Rollers and Cores 18 
12 Machined Weldments 17 
14 Simple Shafts 17 
16 Machined Weldments 19 
Education 1 Assemblies & Subassemblies 16 
(Without Instruction) 3 Complex Shafts 12 
4 Machined Castings 15 
6 Complex Shafts 12 
7 Turning 12 
8 Rollers and Cores 12 
10 Simple Shafts 12 
12 Machined Weldments 17 
14 Simple Shafts 12 
16 Machined Weldments 15 
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The data summarized in the table indicates that the production drawings most 
frequently classified correctly by test subjects from every group were one or both of 
the assembly drawings and/or subassembly drawings. Simple shafts were the next 
drawings most frequently classified correctly. In this case, test subjects from every 
group except Engineering (with instruction) correctly classified one or both of the 
simple shaft production drawings. The data also indicates that machined weldments 
were tied with simple shafts in frequency of correct classification. In this case, test 
subjects from every group except Business (without instruction) correctly classified 
one or both of the machined weldments production drawings. 
Beyond the categories of assemblies and subassemblies, simple shafts, and 
machined weldments, there was a wide disparity among the groups' and subgroups' 
results in correct classification of production drawings. 
Research question three: Which categories of production drawings were least 
frequently classified correctly by each group? 
Table 6 presents a summary of the production drawings which were least 
frequently classified correctly by groups from Business, Engineering, and Education 
(those receiving the instructional regimen and those not receiving the instructional 
regimen). 
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Table 6. Production drawings least frequently classified correctly 
GROUPS DRAWING CATEGORY DRAWINGS 
NUMBER NOMENCLATURE CORRECT 
(out of 20) 
Business 3 Complex Shafts 9 
(With Instruction) 4 Machined Castings 9 
8 Rollers and Cores 8 
9 Milling 7 
13 Machined Castings 3 
Business 7 Turning 5 
(Without Instruction) 9 Milling 1 
10 Simple Shafts 5 
13 Machined Castings 2 
15 Turning 4 
16 Machined Weldments 3 
Engineering 3 Complex Shafts 11 
(With Instruction) 5 Assemblies & Subassemblies 9 
6 Complex Shafts 10 
7 Turning 12 
8 Rollers and Cores 9 
9 Milling 10 
10 Simple Shafts 11 
11 Rollers and Cores 11 
Engineering 5 Assemblies & Subassemblies 5 
(Without Instruction) 7 Turning 4 
9 Milling 2 
13 Machined Castings 8 
15 Turning 5 
Education 2 Milling 15 
(With Instruction) 4 Machined Castings 16 
5 Assemblies & Subassemblies 12 
7 Turning 13 
9 Milling 15 
10 Simple Shafts 13 
11 Rollers and Cores 16 
13 Machined Castings 13 
15 Turning 13 
Education 2 Milling 11 
(Without Instruction) 5 Assemblies & Subassemblies 11 
9 Milling 6 
11 Rollers and Cores 7 
13 Machined Castings 10 
15 Turning 11 
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The data in Table 6 indicates that the production drawings which were least 
frequently identified correctly by test subjects from every group were one or both of 
the milling drawings. More specifically, the table summarizes the four smallest 
frequencies of correctly classified drawings for test subjects from each subgroup 
(those receiving the instructional regimen and those not receiving the instructional 
regimen). 
Research Questions Answered by Inferential Statistics 
Table 7 summarizes the ANCOVA output used to address research questions 
four through thirteen (for means and standard deviations of the covariates, see 
Appendix I), and their respective hypotheses in the apriori analysis. All tests of 
significance were conducted at an alpha level of 0.05. 
Table 7. Apriori ANCOVA table 
SOURCE DF SS 
(Tvoe III) 
MS F p-Value 
College 2 141.6576 70.8288 9.22 0.0002 * 
Instruction 1 172.8611 172.8611 22.49 0.0001 * 
College/Instruction 
Interaction 
2 0.1619 0.0810 0.01 0.9895 
Semester Hours of Credit 1 16.2612 16.2612 2.12 0.1486 
Months in a Production 
Assignment 
1 1.3543 1.3543 0.18 0.6755 
Technical Drafting 
Courses 
1 0.0011 0.0011 0.00 0.9905 
Drawing or Illustration 
Courses 
1 2.7520 2.7520 0.36 0.5508 
Manufacturing Courses 1 5.6753 5.6753 0.74 0.3920 
* Significant at alpha level 0.05 
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Table 8. Apriori ANCOVA treatment contrasts table 
CONTRAST DF SS MS F p-Value 
(Contrast) 
Technical vs. 1 109.6767 109.6767 14.27 0.0003 * 
Non-Technical 
Technology vs. 1 59.7529 59.7529 7.78 0.0063 * 
Engineering 
* Significant at alpha level 0.05 
Research question four: Did test subjects with 96 or more semester hours of 
collegiate-level credit correctly classify more production drawings than test subjects 
with 95 or fewer semester hours of collegiate-level credit? 
To address research question four, the null form of research hypothesis one 
was stated as follows: 
Ho ,: There is no significant difference in the number of correctly classified 
production drawings between test subjects with 96 or more semester hours of 
collegiate-level credit and test subjects with 95 or fewer semester hours of 
collegiate-level credit. 
Research hypothesis one was tested with the ANCOVA procedure at an alpha level of 
0.05. As indicated in Table 7., the F ratio of 2.12 (p-Value = 0.1486) was not 
statistically significant. 
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Research question five: Did test subjects with industrial experience in a production 
assignment correctly classify more production drawings than test subjects with no 
industrial experience in a production assignment? 
To address research question five, the null form of research hypothesis two 
was stated as follows: 
Ho 2: There is no significant difference in the number of correctly classified 
production drawings between test subjects with industrial experience in a 
production assignment and test subjects with no industrial experience in a 
production assignment. 
Research hypothesis two was tested with the ANCOVA procedure at an alpha level of 
0.05. As indicated in Table 7., the F ratio of 0.18 (p-Value = 0.6755) was not 
statistically significant. 
Research question six: Did test subjects with secondary or post-secondary technical 
drafting courses correctly classify more production drawings than test subjects with no 
secondary or post-secondary technical drafting courses? 
To address research question six, the null form of research hypothesis three 
was stated as follows: 
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Ho 3: There is no significant difference in the number of correctly classified 
production drawings between test subjects with secondary or post-secondary 
technical drafting courses and test subjects with no secondary or post-
secondary technical drafting courses. 
Research hypothesis three was tested with the ANCOVA procedure at an alpha level 
of 0.05. As indicated in Table 7., the F ratio of 0.00 (p-Value = 0.9905) was not 
statistically significant. 
Research question seven; Did test subjects with secondary or post-secondary 
drawing or illustration courses correctly classify more production drawings than test 
subjects with no secondary or post-secondary drawing or illustration courses? 
To address research question seven, the null form of research hypothesis four 
was stated as follows: 
Ho 4: There is no significant difference in the number of correctly classified 
production drawings between test subjects with secondary or post-secondary 
drawing or illustration courses and test subjects with no secondary or post-
secondary drawing or illustration courses. 
Research hypothesis four was tested with the ANCOVA procedure at an alpha level of 
0.05. As indicated in Table 7., the F ratio of 0.36 (p-Value = 0.5508) was not 
statistically significant. 
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Research question eight: Did test subjects with secondary or post-secondary 
manufacturing courses correctly classify more production drawings than test subjects 
with no secondary or post-secondary manufacturing courses? 
To address research question eight, the null form of research hypothesis five 
was stated as follows: 
Ho 5: There is no significant difference in the number of correctly classified 
production drawings between test subjects with secondary or post-secondary 
manufacturing courses and test subjects with no secondary or post-secondary 
manufacturing courses. 
Research hypothesis five was tested with the ANCOVA procedure at an alpha level of 
0.05. As indicated in Table 7., the F ratio of 0.74 was not statistically significant. 
Research question nine: Did test subjects receiving the instructional regimen 
correctly classify more production drawings than test subjects not receiving the 
instructional regimen? 
To address research question nine, the null form of research hypothesis six 
was stated as follows: 
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Ho 6- There is no significant difference in the number of correctly classified 
production drawings between test subjects receiving the instructional regimen 
and test subjects not receiving the instructional regimen. 
Research hypothesis six was tested was tested with the ANCOVA procedure at an 
alpha level of 0.05. As indicated in Table 7., the F ratio of 22.49 (p-Value = 
0.0001) was statistically significant. 
Research question ten: Did test subjects receiving technically-based educations 
(technology and engineering) correctly classify more production drawings than test 
subjects receiving non-technically-based educations (business)? 
To address research question ten, the null form of research hypothesis seven 
was stated as follows: 
Ho 7: There is no significant difference in the number of correctly classified 
production drawings between test subjects receiving technically-based 
educations (technology and engineering) and test subjects receiving non-
technically-based educations (business). 
Research hypothesis seven was tested with the ANCOVA procedure at an alpha level 
of 0.05. As indicated in Table 8., the F ratio of 14.27 (p-Value = 0.0003) was 
statistically significant. 
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Research question eleven: Did test subjects receiving technology-based educations 
correctly classify more production drawings than test subjects receiving engineering-
based educations? 
To address research question eleven, the null form of research hypothesis eight 
was stated as follows: 
Ho g: There is no significant difference in the number of correctly classified 
production drawings between test subjects receiving technology-based 
educations and test subjects receiving engineering-based educations. 
Research hypothesis eight was tested with the ANCOVA procedure at an alpha level 
of 0.05. As indicated in Table 8., the F ratio of 7.78 (p-Value = 0.0063) was 
statistically significant. 
Research question twelve; Did the mean number of correctly classified production 
drawings differ from college to college (Business, Engineering, Education)? 
To address research question twelve, the null form of research hypothesis nine 
was stated as follows: 
Ho 9: The mean number of correctly classified production drawings did not differ 
from college to college (Business, Engineering, Education). 
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Research hypothesis nine was tested with the ANCOVA procedure at an alpha level of 
0.05. As indicated in Table 7., the F ratio of 9.22 (p-Value = 0.0002) was 
statistically significant. 
Research question thirteen: Was there an interaction between the main effects of 
college and the instructional regimen? 
To address research question thirteen, the null form of research hypothesis ten 
was stated as follows: 
HOIQ ; There was no interaction between the main effects of college and the 
instructional regimen. 
Research hypothesis ten was tested with the ANCOVA procedure at an alpha level of 
0.05. As indicated in Table 7., the F ratio of 0.01 (p-Value = 0.9895) was not 
statistically significant. 
Post-Hoc Data Analysis 
Five covariates were used in the ANCOVA model: Test subjects' college, 
number of semester hours of collegiate-level credit, number of months worked for a 
manufacturer in a production assignment, number of secondary or post-secondary 
technical drafting courses specifically related to manufacturing, number of secondary 
or post-secondary drawing or illustration courses not specifically related to 
manufacturing, and number of secondary or post-secondary manufacturing courses. 
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Since none of these covariates were statistically significant, a post-hoc analysis was 
conducted to determine if the main effects or interaction were masking the effects of 
one or more covariates (Montgomery, 1991). 
The i>ost-hoc analysis was conducted using SAS by removing the main effects 
of test subjects' college, the instructional regimen, and their associated interaction. 
SAS program and output files related to this test are located in Appendices J and K 
respectively. The ANCOVA model used in the post-hoc analysis was as follows: 
Py = M -I- X,V, 4- X2V2 + X3V3 + X,V4 -I- XjVj 
Where: 
H = Grand Mean 
X, = Regression Coefficient 
X2 = Regression Coefficient 
X3 = Regression Coefficient 
X4 = Regression Coefficient 
Xj = Regression Coefficient 
C, = Number of Semester Hours of Collegiate-Level Credit 
(Covariate) 
C2 = Number of Months Worked for a Manufacturer in a 
Production Assignment (Covariate) 
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C3 = Number of Secondary or Post-Secondary Technical 
Drafting Specifically Related to Manufacturing Courses 
(Covariate) 
C4 = Number of Secondary or Post-Secondary Drawing or 
Illustration Courses Not Specifically Related to Manufacturing 
(Covariate) 
C5 = Number of Secondary or Post-Secondary Manufacturing 
Courses (Covariate) 
Table 9 summarizes the results of the post-hoc ANCOVA test and analysis. 
Table 9. Post-Hoc ANCOVA table 
SOURCE DF SS 
(Type III) 
MS F p-Value 
Semester Hours of I 23.2683 23.2683 2.36 0.1274 
Credit 
Months in a 1 36.0586 36.0586 3.65 0.0584 
Production Assignment 
Technical Drafting 1 20.1475 20.1475 2.04 0.1557 
Courses 
Drawing or Illustration 1 4.2658 4.2658 0.43 0.5122 
Courses 
Manufacturing Courses 1 69.5413 69.5413 7.05 0.0091 * 
* Significant at alpha level 0.05 
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The table indicates that one covariate was statistically significant. The F ratio 
of 7.05 (p-Value = 0.0091), associated with the number of manufacturing courses, 
was statistically significant. 
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CHAPTER V: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The preceding chapters of this study dealt with the introduction, review of 
literature, methodology, and analysis of data of the study. In this chapter the research 
is summarized, conclusions are drawn from answers to the research questions, and 
recommendations are made for further research. 
Summary of the Research 
This section provides a summary of the study. Accordingly, the problem of 
the study, purpose of the study are restated to guide the reader. A synopsis of the 
review of literature, methodology, and data analysis has also been provided to further 
guide the reader. 
Restatement of the Problem 
Manufacturers employing GT commonly classify production drawings into 
inappropriate categories. These classification errors hinder, or in some cases negate, 
the competitive advantages which group technology was intended to provide. 
Restatement of the Purpose 
The purpose of this study was to create and determine the effectiveness of an 
instructional regimen designed to reduce classification errors of production drawings 
in a group technology (GT) system. 
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Review of Literature 
A review of literature revealed that GT has been used by industrialized nations 
since the beginning of the Industrial Revolution. From the end of the Industrial 
Revolution through the early 1900s, however, interest in GT faded and no research 
was reported in the literature. It was not until 1925 when R. R. Flanders introduced 
GT to the American Society of Mechanical Engineers that interest in GT was 
rekindled and research was again reported in the literature. 
Numerous countries using GT, and the systems they were using, were 
subsequently identified through the review process. Each of these GT systems were 
based on a set of attributes which could be related to the design or manufacture of 
parts, or a combination of design and manufacture attributes. Accordingly, a series 
of coding schemes were developed for each GT system - each coding scheme making 
a given GT system unique. 
Research in GT systems focused on development of unique features of in the 
coding and classification process. Toward that end, the literature revealed that the 
majority of research reported concerned development of complex mathematical 
algorithms to identify an optimal coding and classification scheme for use in a 
computer-integrated-manufacturing (CIM) environment. Implementation issues in a 
CIM environment centered around the modification of existing computerized data 
structures (file sizes, contents, and linkages to the database) to accommodate GT 
coding and classification information. Implementation issues in a non-CIM 
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environment centered around the errors in coding and classification caused by humans 
and the time required to complete this task. 
Methodology 
The methodology used to conduct this study was to develop an instructional 
regimen in accordance with parameters set by Rockwell-Goss purchasing managers, 
then use a 2 X 3 factorial experiment design to test its effectiveness. Treatment 
groups (blocks) of test subjects used in the study were selected from the Colleges of 
Business, Engineering (Industrial Engineering), and Education (Industrial Technology) 
at Iowa State University. The treatment was the presence or absence of an 
instructional regimen. Apriori statistical procedures included the Shapiro-Wilk test 
for normality and analysis of covariance (ANCOVA). The apriori model components 
included main effects of test subjects' college, presence or absence of the instructional 
regimen, and the interaction between college and the instructional regimen. 
Covariates in the apriori model included the number of semester hours of collegiate-
level credit, number of months worked for a manufacturer in a production 
assignment, number of secondary or post-secondary technical drafting courses 
specifically related to manufacturing, number of secondary or post-secondary drawing 
or illustration courses not specifically related to manufacturing, and the number of 
secondary or p)ost-secondary manufacturing courses. 
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Analysis of Data 
Ten research hypotheses were tested with the ANCOVA procedure in the 
apriori model. The main effects of test subjects' college and the presence or absence 
of the instructional regimen were statistically significant. The interaction between 
college and the instructional regimen and each covariate were not statistically 
significant. A post-hoc analysis was then conducted with the ANCOVA procedure 
using a model which included only the covariates previously identified. The post-hoc 
analysis revealed that the number of secondary or post-secondary manufacturing 
courses was statistically significant. 
Conclusions 
Conclusions were drawn from answers to the 14 research questions posed in 
this study. Descriptive statistics were used to answer research questions 1 through 3. 
Inferential statistics based on an analysis of covariance (ANCOVA) were used to test 
the 10 research hypotheses associated with research questions 4 through 13, 
Research Questions Answered by Descriptive Statistics 
Research questions one through three were addressed by calculating the 
appropriate descriptive statistics. 
Research question one: What types of educational majors characterize 
individuals participating in this study? 
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Test subjects involved in the study were enrolled in educational majors offered 
by the Colleges of Business, Engineering, and Education. Specific majors reported 
by the test subjects included general business, industrial engineering, and industrial 
technology. These majors correspond with the types of educational backgrounds 
reported by Rockwell-Goss employees currently assigned production drawing 
classification responsibilities. 
Research question two: Which categories of production drawings were most 
frequently classified correctly by each group? 
The production drawings most frequently classified correctly by test subjects 
from every group were one or both of the assembly drawings and subassembly 
drawings. Simple shafts were the next category of production drawings which were 
most frequently classified correctly. Test subjects from every group except 
Engineering (with instruction) correctly classified one or both of the simple shaft 
production drawings. Machined weldments were tied with simple shafts in frequency 
of correct classification. Test subjects from every group except Business (without 
instruction) correctly classified one or both of the machined weldments production 
drawings. 
Four explanations appear reasonable for explaining why these categories of 
production drawings were most frequently classified correctly. First, these categories 
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had descriptive titles which may have help eliminate the test subjects' confusion. 
Second, these categories were the most elementary of the set of production drawings, 
and were therefore the easiest to correctly categorize. Third, these categories had 
special features or information such as descriptive text (i.e. "assembly parts list," 
"shaft specifications," or "weldment notes") which assisted test subjects during the 
classification process. Finally, the instructional regimen provided particularly 
relevant illustrations or helpful hints. 
Research question three: Which categories of production drawings were least 
frequently classified correctly by each group? 
The production drawings which were least frequently identified correctly by 
every group were one or both of the milling drawings. Turning drawings were least 
frequently identified correctly. Test subjects from every group except Business (with 
instruction) experienced difficulty identifying one or both of the turning drawings. 
Four explanations appear to be reasonable for explaining why these categories 
of production drawings were least frequently classified correctly. First, these 
drawings may have had descriptive titles which were not sufficiently clear to eliminate 
the test subjects' confusion. Second, these drawings were complex, and were 
therefore the difficult to correctly categorize. Third, these drawings lacked special 
features or information which could be used to associate the drawings with a 
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particular category. Finally, the instructional regimen could have failed to provide 
particularly relevant illustrations or helpful hints. 
Research Questions Answered by Inferential Statistics 
Research questions four through thirteen were statistically tested under the 
following null (Ho) hypotheses. 
Research question four; Did test subjects vi'ho had completed 96 or more 
semester hours of collegiate-level credit correctly classify more production drawings 
than test subjects who had completed 95 or fewer semester hours of collegiate-level 
credit? 
Ho i'. There is no significant difference in the number of correctly classified 
production drawings between test subjects who had completed 96 or more 
semester hours of collegiate-level credit and test subjects who had completed 
95 or fewer semester hours of collegiate-level credit. 
Ha 1.* There is a significant difference in the number of correctly classified 
production drawings between test subjects who had completed 96 or more 
semester hours of collegiate-level credit and test subjects who had completed 
95 or fewer semester hours of collegiate-level credit. 
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Rcsetrch hypothesis one was tested with the ANCOVA procedure at an alpha 
level of 0.05, As indicated in Table 7., the F ratio of 2.12 (p-Value = 0.1486) was 
not statistically significant. There was not sufficient evidence to reject the null 
hypothesis. 
Research hypothesis one was retested (post-hoc) with the ANCOVA procedure 
at an alpha level of 0.05. As indicated in Table 9., the F ratio of 2.36 (p-Value = 
0.1274) was not statistically significant. These results support the apriori analysis 
indicating that the number of semester hours of credit (when considered with no 
limitations regarding the types of courses taken to earn those credits) was not an 
important factor in this study. This finding is noteworthy as it suggests that test 
subjects do not require 96 or more semester hours of collegiate-level credit to 
correctly classify production drawings. 
Research question five: Did test subjects who had industrial experience in a 
production assignment correctly classify more production drawings than test subjects 
who had no industrial experience in a production assignment? 
Ho 2- There is no significant difference in the number of correctly classified 
production drawings between test subjects who had industrial experience in a 
production assignment and test subjects who had no industrial experience in a 
production assignment. 
72 
Ha j: There is a significant difference in the number of correctly classified 
production drawings between test subjects who had industrial experience in a 
production assignment and test subjects who had no industrial experience in a 
production assignment. 
Research hypothesis two was tested with the ANCOVA procedure at an alpha 
level of 0.05. As indicated in Table 7., the F ratio of 0.18 (p-Value = 0.6755) was 
not statistically significant. There was not sufficient evidence to reject the null 
hypothesis. 
Research hypothesis two was retested (post-hoc) with the ANCOVA procedure 
at an alpha level of 0.05. As indicated in Table 9., the F ratio of 3.65 (p-Value = 
0.0584) was not statistically significant. These results support the apriori analysis 
indicating that the number of months worked for a manufacturer in a production 
assignment was not an important factor in this study. 
Research question six: Did test subjects who had completed secondary or 
post-secondary technical drafting courses correctly classify more production drawings 
than test subjects who had completed no secondary or post-secondary technical 
drafting courses? 
Ho 3; There is no significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
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post-secondary technical drafting courses and test subjects who had completed 
no secondary or post-secondary technical drafting courses. 
Ha 3: There is a significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary technical drafting courses and test subjects who had completed 
no secondary or post-secondary technical drafting courses. 
Research hypothesis three was tested with the ANCOVA procedure at an alpha 
level of 0,05. As indicated in Table 7., the F ratio of 0.00 (p-Value = 0.9905) was 
not statistically significant. There was not sufficient evidence to reject the null 
hypothesis. 
Research hypothesis three was retested (post-hoc) with the ANCOVA 
procedure at an alpha level of 0.05. As indicated in Table 9., the F ratio of 2.04 (p-
Value = 0.1557) was not statistically significant. These results support the apriori 
analysis indicating that the number of secondary or post-secondary technical drafting 
courses was not an important factor in this study. This finding is noteworthy as it 
suggests that test subjects do not require secondary or post-secondary technical 
drafting courses to correctly classify production drawings. 
Research question seven: Did test subjects who had completed secondary or 
post-secondary drawing or illustration courses correctly classify more production 
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drawings than test subjects who had completed no secondary or post-secondary 
drawing or illustration courses? 
Ho 4: There is no significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary drawing or illustration courses and test subjects who had 
completed no secondary or post-secondary drawing or illustration courses. 
Ha 4: There is a significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary drawing or illustration courses and test subjects who had 
completed no secondary or post-secondary drawing or illustration courses. 
Research hypothesis four was tested with the ANCOVA procedure at an alpha 
level of 0.05. As indicated in Table 7., the F ratio of 0.36 (p-Value = 0.5508) was 
not statistically significant. There was not sufficient evidence to reject the null 
hypothesis. 
Research hypothesis four was retested (post-hoc) with the ANCOVA procedure 
at an alpha level of 0.05. As indicated in Table 9., the F ratio of 0.43 (p-Value = 
0.5122) was not statistically significant. These results support the apriori analysis 
indicating that the number of secondary or post-secondary drawing or illustration 
courses was not an important factor in this study. This finding is noteworthy as it 
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suggests that test subjects do not require secondary or post-secondary drawing or 
illustration courses to correctly classify production drawings. 
Research question eight: Did test subjects who had completed secondary or 
post-secondary manufacturing courses correctly classify more production drawings 
than test subjects who had completed no secondary or post-secondary manufacturing 
courses? 
Ho 5: There is no significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary manufacturing courses and test subjects who had completed no 
secondary or post-secondary manufacturing courses. 
Ha 5: There is a significant difference in the number of correctly classified 
production drawings between test subjects who had completed secondary or 
post-secondary manufacturing courses and test subjects who had completed no 
secondary or post-secondary manufacturing courses. 
Research hypothesis five was tested with the ANCOVA procedure at an alpha 
level of 0.05. As indicated in Table 7., the F ratio of 0.74 (P-value = 0.3920) was 
not statistically significant. There was not sufficient evidence to reject the null 
hypothesis. 
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Research hypothesis five was retested (post-hoc) with the ANCOVA procedure 
at an alpha level of 0.05. As indicated in Table 9., the F ratio of 7.05 (p-Value = 
0.0091) was statistically significant. These results contradict the apriori analysis 
indicating that the number of manufacturing courses was not an important factor in 
this study. This finding is noteworthy as it suggests that test subjects who have taken 
manufacturing courses do correctly classify production drawings. This finding was 
masked in the apriori ANCOVA model by the main effects and interaction. 
Research question nine: Did test subjects who received the instructional 
regimen correctly classify more production drawings than test subjects who did not 
receive the instructional regimen? 
Ho 6. There is no significant difference in the number of correctly classified 
production drawings between test subjects who received the instructional 
regimen and test subjects who did not receive the instructional regimen. 
Ha There is a significant difference in the number of correctly classified 
production drawings between test subjects who received the instructional 
regimen and test subjects who did not receive the instructional regimen. 
Research hypothesis six was tested with the ANCOVA procedure at an alpha 
level of 0.05. As indicated in Table 7., the F ratio of 22.49 (p-Value = 0.0001) was 
statistically significant. There was sufficient evidence to reject the null hypothesis in 
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favor of the alternate hypothesis. This finding indicates that an instructional regimen 
could be developed to significantly reduce the number of classification errors of 
production drawings. 
Research question ten; Did test subjects who received technically-based 
educations (Industrial Technology and Industrial Engineering) correctly classify more 
production drawings than test subjects who received non-technically-based educations 
(business)? 
Ho There is no significant difference in the number of correctly classified 
production drawings between test subjects who received technically-based 
educations (Industrial Technology and Industrial Engineering) and test subjects 
who received non-technically-based educations (business). 
Ha 7: There is a significant difference in the number of correctly classified 
production drawings between test subjects who received technically-based 
educations (Industrial Technology and Industrial Engineering) and test subjects 
who received non-technically-based educations (business). 
Research hypothesis seven was tested with the ANCOVA procedure at an 
alpha level of 0.05. As indicated in Table 8., the F ratio of 14.27 (p-Value = 
0.0003) was statistically significant. There was sufficient evidence to reject the null 
hypothesis in favor of the alternate hypothesis. This finding indicates that the type of 
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training and education Rockwell-Goss employees are exposed to affects their ability to 
correctly classify production drawings. 
Research question eleven: Did test subjects who received Industrial 
Technology-based educations correctly classify more production drawings than test 
subjects who received Industrial Engineering-based educations? 
Ho g: There is no significant difference in the number of correctly classified 
production drawings between test subjects who received Industrial Technology-
based educations and test subjects who received Industrial Engineering-based 
educations. 
Ha g: There is a significant difference in the number of correctly classified 
production drawings between test subjects who received Industrial Technology-
based educations and test subjects who received Industrial Engineering-based 
educations. 
Research hypothesis eight was tested with the ANCOVA procedure at an alpha 
level of 0.05. As indicated in Table 8., the F ratio of 7.78 (p-Value = 0.0063) was 
statistically significant. There was sufficient evidence to reject the null hypothesis in 
favor of the alternate hypothesis. 
This finding indicates that the focus of technology-based education is an 
important factor when describing a test subject's ability to correctly classify 
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production drawings. Technology-based education (with emphases on applied 
science), as opposed to engineering-based education (with emphases on theory and 
design), could be posed as a possible explanation of why those with technology-based 
educations correctly classified more production drawings than those with engineering-
based educations. This finding is important when considering the educational 
backgrounds and preparation of employees to be hired and/or assigned to 
classification responsibilities. 
Research question twelve: Did the mean number of correctly classified 
production drawings differ from college to college (Business, Engineering, 
Education)? 
Ho There is no significant difference in the mean number of correctly classified 
production drawings among the colleges involved in the study (Business, 
Engineering, and Education). 
Ha There is a significant difference in the mean number of correctly classified 
production drawings among the colleges involved in the study (Business, 
Engineering, and Education). 
Research hypothesis nine was tested with the ANCOVA procedure at an alpha 
level of 0.05. As indicated in Table 7., the F ratio of 9.22 (p-Value = 0.0002) was 
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statistically significant. There was sufficient evidence to reject the null hypothesis in 
favor of the alternate hypothesis. 
This finding supports research hypotheses 7 and 8 in that the type of 
educational background and preparation is an important factor in this study. Figure 8 
graphically illustrates the magnitude of differences in the number of production 
drawings correctly classified by test subjects from educational majors including 
Technology (Industrial Technology), Engineering (Industrial Engineering), and 
Business (General Business). The number of correctly classified production drawings 
by test subjects from each educational background varied from 443 to 438 to 363 
respectively. Based on the ANCOVA test results, these values indicate significant 
differences in the ability level of test subjects from each college to correctly classify 
production drawings. 
4)0 
TMhshor BkilMxhf 
TrTBOTHXJCATiai 
Figure 8. Production drawing difference by college 
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Research question thirteen: Was there an interaction between the main 
effects of college and the instructional regimen? 
Hoio". There was no interaction between the main effects of college and the 
instructional regimen. 
Haio: There was an interaction between the main effects of college and the 
instructional regimen. 
Research hypothesis ten was tested with the ANCOVA procedure at an alpha 
level of 0.05. As indicated in Table 7., the F ratio of 0.01 (p-Vahie = 0.9895) was 
not statistically significant. There was not sufficient evidence to reject the null 
hypothesis. 
This finding indicates that no matter what academic unit the test subjects were 
from (Industrial Engineering, Industrial Technology, or Business), those who 
received the instructional regimen correctly classified more production drawings than 
those test subjects who did not receive the instructional regimen. Figure 9 graphically 
illustrates the magnitude of these differences by showing the number of correctly 
classified production both by college and with or without the instructional regimen. 
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Figure 9. Instructional regimen 
Recommendations 
Based on the findings and conclusions of this study, the following 
recommendations are made: 
1. The study should be replicated with Rockwell-Goss employees to 
ensure that generalizability of the results of this study are valid. 
2. Conduct a study to determine if a comprehensive instructional regimen 
should be developed for all categories in the group technology (GT) 
system. 
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3. An in-depth training program should developed and implemented at 
regular intervals to ensure that employees performing production 
drawing classification activities understand how, why, when, and where 
to use the instructional regimen. 
4. Employees involved in classification of production drawings should be 
encouraged to complete courses which would help them better 
understand manufacturing processes. 
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GROUP TECHNOLOGY PROGRAM: REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date: August 8, 1994 
87010 Machine Assembly and Subassembly 
87020 Machined Weldments 
87025 Fabrication, Sheet Metal 
87045 Milling 
87046 Tuming 
87047 Shafts, Simple 
87048 Shafts, Complex 
87049 Rollers and Cores 
87050 Castings, Machining Complete 
Chris Thacker, Purchasing Manager 
Rockwell International 
GROUP TECHNOLOGY PROGRAM: REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date: August 8, 1994 
87010 Machine Assembly and Subassembly 
Operational definitions; 
Assembly: A product which is composed of one or more subassemblies 
together with other component parts. 
Subassembly: An item which is composed of two or more component parts. 
Examples: 
Helpful hints for identification: 
1.) These drawings show how the component parts, and/or 
subassemblies are interconnected. 
• Complete details such as dimensions necessary to 
manufacture a part will not be shown on drawing. 
• Dimensions are freouently provided on the drawing; however, 
the dimensions are for reference only and are not sufficient 
enough to facilitate manufacture. 
2.) Thare is commonly a parts list or a bill of materials which may be 
provided on a separate sheet. 
3.) The components parts of assembly drawings are labeled by part 
numbers or are keyed directly to the parts list or bill of materials. 
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Rockwell International 
GROUP TECHNOLOGY PROGRAM; REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date; August 8, 1994 
87020 Machined Weldments 
Operational definition: 
Machined Weldments: Any welding that requires additional finishing or 
machining operations prior to completion. 
Examples; 
WELOING NOTES: I. •c.xKNr ra ec rvci saua.suhi wrrtx. 
a. 90^ "Vsz Mc trets ro AC 9CUK) SKXITX. 
3. ro se cuisst c iin acsvoi/ct vxth 
ttchmiMs p^oats spte,sc3. 
A. •€LC*4>»T TO i€ SlHSt ACLIF/O »€«. C>9-0C^ STUAlomXQ, 
SA.'oauAsrro **<3 MAVI i »,n? »C»UTA#«f CTAT 
f9 >Q.rjltTWA>< fTMtSM. 
3. '.Mjcn oTvcr«:K s^creiu ro se tLCO 
ACL XtOUC wtTM A (X} CSNrZMXUS ( l/l ) PILUlTf 
41.1. JPCUC <IT« JK ( J :.STC»*F'TR«T ( I ^TLLIT 
«rj} T C9*<M. ON Ml04(»ca 
SLMJCts, sacovfo curr hizs *o u 
FLLL CC;»R}4 R79> FTFTISKO BJ»#«CSS. 
I 
Helpful hints for identification: 
1.) These parts can be identified by the presence of "welding notes" on 
the drawing. 
• Reference dimensions are frequently provided on the drawing; 
however, these dimensions are for reference only and would 
not be sufficient to facilitate manufacture. 
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Rockwell International 
GROUP TECHNOLOGY PROGRAM: REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date: August 8, 1994 
87025 Fabrication, Sheet Metal 
Operational definition: 
Fabrication, Sheet Metal: A part which is made of sheet metal, or a 
subassembly/assembly which provides all details 
necessary to make the sheet metal component 
part. 
Sheet Metal: Sheet material of uniform thickness not to exceed one 
quarter inch (.2500 inches or 6.5 millimeters). 
Examples; 
MATERIAL OO (.0121 USS STEEL 
Helpful hints for identification; 
1.) Sheet metal material thicknesses are commonly quoted in terms of 
"gauge" (GA.) Immediately following the "gauge" thickness, 
millimeter or inch measurements are usually provided. 
2.) Sheet metal parts are frequently welded which means that "welding 
notes" will appear on these drawings: however, if the parts involved 
are made of sheet metal - classify these parts as sheet metal 
fabrications rather than machined weldments (87020). 
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Rockwell International 
GROUP TECHNOLOGY PROGRAM: REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date: August 8, 1994 
87045 Milling 
Operational definition: 
Milling: A part revealing one or more non-cviindrical features (flats, 
keyways, slots, straight-edges, and/or profiles on non-
cylindrical or cylindrical parts). 
Examples: 
Helpful hints for identification; 
1.) It may be difficult for you to distinguish between milling (87045) and 
turning (87046) because both categories can encompass parts which 
have a mixture of circular as well as flat surfaces. The distinction 
between these categories is made by considering the overall shape of 
the part. 
• Parts in which the overall geometry (shape) is round or 
circular, and are less than 5 inches in length (round geometry 
over 5 inches is categorized as simple or complex shafts), are 
categorized as turning. 
• Parts in which the overall geometry (shape) is composed of 
flat surfaces, whether or not those flat surface have round 
features such as holes or machines faces, are categorized as 
milling. 
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Rockwell Iniernaiional 
GROUP TECHNOLOGY PROGRAM; REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date: August 8, 1994 
87046 Turning 
Operational definition; 
Turning: A part which is derived from a cylinder (solid rod or hollow 
pipe) with an overall length of 5 inches or less. 
Examples: 
Helpful hints for identification: 
1.) It may be difficult for you to distinguish between milling (87045) and 
turning (87046). The distinction between these machining operations 
is made by classifying cylindrical geometry (circular features of a part) 
as turning because all too frequently circular features on pans cannot 
be made on a milling machine. 
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Rockwell International 
GROUP TECHNOLOGY PROGRAM: REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date: August 8, 1994 
87047 Shafts, Simple 
Operational definition: 
Shaft, Simple: A part derived from a cylinder which is more than 5 inches in 
overall length. To be a simple shaft, the shaft mav not have 
more than three different machining operations of any tvoe 
(e.g. turning, milling, drilling, boring, threading, coating, 
polishing, painting, etc). A machining operation is counted 
once even though it mav be performed more than once on a 
given shaft. 
If in a given machining operation any parameter other 
than turning diameters is changed (for example the size 
of a hole or keyway, or the depth of cut), that 
operation will be counted once for each change. 
Examples: 
Helpful hints for identification: 
1.) The only distinction between the turning category (87046) and the 
simple shafts category (87047) is the length of the finished pan or 
product. Circular parts less than 5 inches in length are categorized as 
turning (87046) while circular parts over 5 inches in length, and with 
three or fewer machining operations, are categorized as simple 
shafts. 
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Rockwell International 
GROUP TECHNOLOGY PROGRAM: REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date; August 8, 1994 
87048 Shafts, Complex 
Operational definition; 
Shaft, Complex: A part derived from a cylinder which is more than 5 inches in 
overall length. To be a complex shaft, the shaft must have 
four or more different machining operations of anv tvoe (e.g. 
milling, drilling, boring, threading, coating, polishing, painting, 
etc). A machining operation is counted once even thouoh it 
may be performed more than once on a given shaft. 
Examples: 
/ \ 
. ROMC - » 
d^AZl^C 5HAfr 
'  S*A.tOiOi7U 
427I-A-23 
Helpful hints for identification: 
1.) If in a given machining operation anv parameter other than turning 
diameters is changed (for example, the size of a hole or keyway, or 
the depth of cut), that operation will be counted once for each 
change. 
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Rockwell international 
•GROUP TECHNOLOGY PROGRAM: REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date: August 8, 1994 
87049 Rollers and Cores 
Operational definition: 
Rollers: A part derived from cylindrical geometry in excess of 5 inches that is 
plated, finished, and/or polishing. 
Cores: A part derived from cylindrical geometry in excess of 5 inches that is 
coated with rubberized or grit type of materials. 
Examples: 
Helpful hints for identification; 
1.) Rollers and cores can appear in dra-.vings with bearings at each end or 
without these bearings. 
2.) In many cases, rollers and cores can be identified by nomenclature in 
the title block. 
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Rockwell International 
• GROUP TECHNOLOGY PROGRAM: REVISION 1 
COMMODITY CODE CLASSIFICATION GUIDELINES FOR DRAWINGS 
(87000 SERIES) 
Revision Date: August 8, 1994 
87050 Castings, Machining Complete 
Operational definition: 
Castings, Machining Complete; 
A part which is made from patterns or molds and subsequently machined. 
Examples: 
i SLON-CO V 
V^70 eioo 
1.013 
1.000 
o 
J..L 
OIAM «MRA 
1030 srta 
I MCOUMO 
tlHIiH 
CMC\/w/t*CNCC 
or NAMO-i^ccu 
TBULMAMCCli «aO« 
S\i 
nuXTS « xouNQs 
•Sri'C*0 hamOCXAM* 
I" 
Men* •• i. « 
Utkit AAA la 
"IT Min 1 I 
Helpful hints for identification: 
The title block will either indicate a pattern number or will direct you 
to a table containing a list of pattern numbers. 
1 . 1  
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APPENDIX B; RESPONSE FORM 
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RESPONSE FORM 
Background: 
Assurance: 
Instructions: 
This classification activity is part of a dissertation study which is expected to 
take approximately 45 minutes. Your participation is strictly voluntary and 
refusal to participate will in no way effect your anticipated course grade. 
While this study is being conducted to gather and analyze data regarding the 
classification process of engineering drawings, you will not be personally 
identified in any way. In fact, you will notice there is no space provided for 
you to write your name. To assure your anonymity, I respectfully request that 
you do not provide your name! 
Please categorize each of the 16 drawings located around this room in 
accordance with the list of categories you have been provided. Each drawing 
you classify has a drawing number marked clearly in the upper left comer; 
next to the corresponding drawing number space on this sheet, indicate the 
category you believe is most appropriate; you may then respond to the six 
questions provided. 
PLEASE CIRCLE YOUR RESPONSES TO THE 
Drawing Classification FOLLOWING QUESTIONS 
Number Code 
: = = =:=: = = = = s==r = = =s= 1. At the beginning of this semester, how many 
semester hours of collegiate-level credit had 
you successfully completed? 1 .  
2. 
2 2. Currendy, how many months have you 
worked for a manufacturer in a production 
assignment? 
5. 
3. How many collegiate-level technical drafting 
courses specifically related to manufacniring 
7.  have you successfully completed, or are now 
in the process of completing? 
8. 
9. 4. How many collegiate-level drawing or 
10. illustration courses not specifically related to 
manufacturing have you successfully 
11. completed, or are now in the process of 
^ 2 completing? 
13. 5, How many college-level courses in 
manufacturing materials, processes, 
production planning, or design have you 
15. successfully completed, or are now in the 
16.  process of completing? 
6. In what College are you currently majoring? 
(Engineering) (Business) (Education) 
(Liberal Arts and Sciences) (Other ) 
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APPENDIX C: HUMAN SUBJECTS RELEASE FORM 
103 
Information for Review of Research involving Human Subjects 
Iowa Stata UnivwsHy 
(Please type ond us© the attached Instructions tor completino this form) 
1. TiilflofPrnfret Testino the Effectivgnes^ nf an Tnstrtirtinn fnr nrmip Tprhnnlnpv n;<<;gifirjr 
2. 1 agree to provide the proper surveillance of this project to insure that the rights and welfare of the human subjects ore 
protected. 1 will repon any adverse reactions to the commiuee. Additions to or changes in research procedures after the 
projea has been approved will be submiued to the committee for review. 1 agree to request renewal of appro val for any project 
c o n t i n u i n g  m o r e  t h a n  o n e  y e a r .  a I  i i  
d . . .  / i  LUL Harvey Frpd Walker 
T)rpcd None gf PruiaptJ invcAiguor Siftiaajf^of Prutctptl lnveiu|tu)r 
Industrial Edticatinn A Tprhnnlngv 114 T. Fd. fl 
Deptruneni Cunpus Addcui 
294-1060 
Cinipul leiepnonr 
3. Signaturesofotherinvesiigators Date Relationship to Principal Investigator 
OCT 101994 
•t. Principal Investigaior(s) (check all that apply) 
• Factilty • Staff K2[^Graduaie Student • Undergraduate Student 
5. Project (check all that apply) 
JCXXResearch |^Thesis or dissenadon • Class project • Independent Study (490.590, Honors project) 
6. Number of subjects (complete all that apply) 
# Adults, non-sudents )<^ # ISU student # minors under 14 other (explain) 
only _# minors 14 -17 
7. Brief description of proposed research involving human subjects: (See instructions. Item 7. Use an additional pace if 
needed.) 
The proposed study will determine the effectiveness of an instructional regimen 
designed to reduce misclassification errors of engineering drawings in a group 
technology system. To complete the study, test subjects attending courses in three 
different colleges (Education, Engineering, and Business) will classify a series of 
engineering drawings into pre-defined categories. Responses the test subjects make 
to a series of questions will then be used to help identify the types of educational 
and industrial experiences which best prepare them to correctly use the instructional 
regimen while completing the classification process. No financial compensation, 
incentives, or follow-up techniques will be necessary in the study. A copy of the 
test subject "Response Form" has been attached for your consideration. 
(Please do not send research, thesis, or disserution proposals.) 
8, Informed Consent: ~ Signed informed consent will be obtained. (Attach a copy of your form.) 
XHXModified infomicd conscnt will be obtained. (See msuTicuons. item 8.) 
~ Not applicable to this project. 
Last Name of Pri ncipal Investigator Walkpr 
Cbeclclist Tor Attacbaents and Time Sciiedule 
The foUowiiig are attached (piease check): 
IIT^Letier or writun staiement to subjects indicating clearly; 
a) purpose of the reseasxih 
b) ihe use of any identifier codes (names, #'s). how they will be used, and when they will be 
removed (see Item 17) 
c) an esdmats of time needed for participation in the research and the place 
d) if applicable, locadon of the lesearch activity 
e) how you will ensure confidentiality 
0 in a longitudinal study, note when and how you will contact subjects later 
g) parddpation is voluntary; nonpartjctpadon will not affect evaluations of the subject 
13.G Consent form (if applicable) 
14. Q letter of approval for research from cooperating organizations or institutions (if applicable) 
15.ri Data-gathering ihstmments 
16. Andcipaxed dates for contact with subjects: 
First Contact Last Conuct 
17. If applicable; anticipated date that idendfiers will be removed from completed survey instruments and/or audio or visual 
tapes will be erased: 
11/1/94 l l / Z / 9 4  
Month / Dty / Yar Month/b«y/Ye«r 
not applicable 
Month / Oiy / Yeir 
IS, Signature of Departmental Execudve Officer Date Department or Administrabve Unit 
19. Decision of the University Human Subjects Review Committee: 
___ Project Approved __ Project Not Approved __ No Action Required 
° a t - i c i a  M .  K e i t h  
.Same o( Committee Qiairperson Date Signature of CommitiM Chairperson 
GC:1/S0 
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APPENDIX D: DATA FILE 
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TITLE 'THIS DATA PERTAINS TO THE DISSERTATION OF H.FRED WALKER'; 
data disrtatn; 
input num col ins dl d2 d3 d4 d5 d6 d7 d8 d9 dlO dll dl2 dI3 dl4 dl5 dl6 hrs wkpr 
tdra nonr munu; 
cards; 
001 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 116 12 2 4 08 
002 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 130 20 4 0 10 
003 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 1 0 1 130 00 6 6 20 
004 1 1 1 1 1 1 0 1 0 1 1 1 1 1 0 1 0 1 101 00 2 5 10 
005 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1 1 115 60 2 0 08 
006 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 091 00 3 1 06 
007 1 1 1 1 I 1 1 0 1 1 1 1 1 0 1 1 1 1 092 00 3 3 03 
008 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 120 04 3 1 04 
009 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 0 1 095 06 1 1 07 
010 1 1 1 1 0 1 1 1 1 1 1 0 1 1 0 0 1 1 092 72 2 0 06 
011 1 1 1 1 0 0 0 0 0 0 1 1 0 1 0 1 0 1 090 00 2 0 02 
012 1 1 1 1 1 0 1 1 1 1 0 1 0 0 1 1 1 1 120 78 3 1 02 
013 1 1 1 0 0 0 0 1 0 1 0 0 1 1 0 1 1 1 088 03 2 0 03 
014 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 119 06 3 2 05 
015 1 1 1 0 1 1 0 1 0 1 1 1 0 1 1 0 0 1 085 57 1 0 03 
016 1 1 1 1 1 1 1 1 1 0 0 1 0 1 1 0 1 1 120 00 2 3 03 
017 1 1 1 0 1 1 0 1 0 1 0 0 1 1 1 1 1 1 106 08 3 0 06 
018 1 1 1 0 1 1 0 1 1 1 1 0 1 1 1 1 1 1 107 00 3 0 06 
019 1 1 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 100 00 4 5 04 
020 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 100 00 2 0 05 
021 1 0 0 1 1 1 1 1 0 1 0 1 1 1 0 1 1 0 104 00 2 0 01 
022 1 0 1 0 1 0 0 0 0 1 0 0 0 1 0 0 1 1 090 00 1 4 04 
023 1 0 1 0 1 1 1 1 1 1 0 1 0 1 1 1 1 1 130 00 2 1 02 
024 1 0 1 1 0 1 0 0 0 0 0 1 0 1 0 0 0 0 070 00 1 0 01 
025 1 0 1 0 1 1 0 1 1 1 0 1 1 1 0 1 1 1 114 00 0 5 07 
026 1 0 1 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 118 18 3 5 20 
027 1 0 1 0 1 1 1 1 1 0 1 1 0 1 1 1 1 1 120 03 4 1 02 
028 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 019 03 3 0 03 
029 1 0 1 1 1 0 1 1 1 0 1 0 0 1 0 1 0 1 098 03 3 7 04 
030 1 0 0 1 0 1 0 1 1 0 0 1 0 0 0 1 1 1 104 00 5 0 05 
031 1 0 1 1 0 1 1 1 1 1 0 1 0 I 1 1 1 1 100 00 4 1 02 
032 1 0 1 1 0 1 1 0 1 1 1 0 0 1 1 1 1 1 113 02 2 0 04 
033 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 095 00 3 3 04 
034 1 0 1 0 1 I 1 1 0 0 0 1 0 1 1 0 0 1 100 00 3 0 04 
035 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 115 00 3 2 06 
036 1 0 1 1 1 0 0 1 0 1 1 0 0 1 1 0 0 1 093 03 3 1 04 
037 100001000010000001 118 0012 01 
038 1 0 1 0 0 0 1 0 0 0 0 1 1 1 0 1 0 0 120 00 1 1 01 
039 1 0 1 1 0 0 0 0 1 0 0 0 0 1 1 0 0 0 087 06 3 5 04 
040 100001000100000000 105 00 25 03 
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041 2 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 130 00 1 1 04 
042 2 1 1 1 0 0 1 0 0 0 1 1 0 1 1 1 1 1 090 03 0 1 04 
043 2 1 1 0 0 1 0 0 1 0 1 0 0 1 0 1 1 1 105 06 1 1 06 
044 2 1 1 1 1 0 1 0 0 0 0 1 0 0 0 0 1 1 116 00 1 3 04 
045 2 1 1 0 1 0 1 1 1 1 0 0 1 1 1 0 1 1 126 03 1 1 02 
046 2 1 1 0 1 0 0 0 1 1 0 1 1 0 1 1 1 1 115 00 0 1 03 
047 2 1 1 1 0 1 0 0 0 1 0 0 0 1 1 1 1 1 100 00 1 2 06 
048 2 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 150 02 1 0 01 
049 2 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 130 72 2 2 00 
050 2 1 1 0 0 1 1 1 1 0 0 1 0 1 1 1 1 1 110 00 1 0 05 
051 2 1 1 1 1 1 0 0 1 0 0 0 0 1 1 1 1 1 103 00 2 1 01 
052 2 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 113 00 2 0 02 
053 2 1 1 1 1 0 1 1 0 1 1 1 1 1 0 1 0 1 125 12 2 0 02 
054 2 1 0 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0 106 03 1 2 03 
055 2 1 1 i 1 1 0 0 1 0 1 1 0 1 1 0 1 1 119 00 0 1 03 
056 2 1 1 0 0 1 0 0 1 0 0 0 1 1 1 1 1 1 100 00 1 0 02 
057 2 1 1 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 120 03 1 0 03 
058 2 1 1 1 1 1 0 1 0 1 0 0 1 0 1 1 1 1 129 00 2 1 01 
059 2 1 1 1 0 0 0 1 0 0 1 1 0 1 1 0 0 1 130 00 3 2 04 
060 2 1 1 0 1 0 1 0 0 1 1 0 1 1 0 0 1 1 125 02 2 1 03 
061 2 0 1 1 0 1 1 1 0 1 0 1 0 1 1 1 0 1 095 00 0 1 02 
062 201110000100000001 110 06 40 09 
063 2 0 1 0 1 1 1 1 0 1 0 0 1 1 0 1 0 1 090 00 0 0 00 
064 2 0 1 0 1 1 1 1 0 1 0 0 1 1 1 1 0 1 075 00 0 2 00 
065 2 0 1 1 0 1 1 1 0 1 0 0 1 1 0 1 0 1 120 00 6 3 03 
066 2 0 0 0 1 1 0 1 0 1 0 1 1 1 1 1 0 1 093 00 2 3 02 
067 2 0 1 1 0 1 1 1 0 1 0 1 1 1 1 1 0 1 154 00 0 1 00 
068 2 0 0 0 1 1 0 0 1 0 1 1 0 1 0 1 0 1 105 00 1 0 02 
069 201001001000000010 128 04 9000 
070 2 0 0 0 0 1 0 0 0 1 0 1 0 1 1 1 0 1 080 00 3 3 06 
071 2 0 1 1 1 1 0 1 0 1 0 1 1 1 0 0 1 1 132 03 2 0 06 
072 2 0 0 0 0 0 0 1 0 1 0 1 1 1 1 1 0 1 081 00 3 3 06 
073 2 0 0 0110 0 0 0 01110 1 0 1 082 00 0 2 02 
074 2 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 125 00 1 1 02 
075 201100000000010010 115 00 21 02 
076 200100000000111000 090 00 21 02 
077 2 0 1 1 0 0 0 0 1 0 0 1 0 1 1 1 1 1 119 00 0 1 02 
078 2 0 1 1 1 1 0 0 1 0 0 1 0 0 0 0 0 0 086 07 1 3 01 
079 2 0 0 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 099 00 0 6 03 
080 2 0 1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 0 101 00 1 1 00 
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081 3110111100 1 0110111 076 00 1 000 
082 311100 1 0 1 0 0 0110 1 0 1 090 00 0 3 00 
083 3 1 1 1 1 0 0 1 1 1 1 0 0 1 0 1 1 1 091 00 2 9 01 
084 3 1 1 0 1 0 1 1 0 1 0 0 0 0 1 1 1 0 094 12 0 1 03 
085 310100010010000111 110 000000 
086 3 1 1 1 1 0 1 0 1 1 0 0 1 1 0 1 1 0 114 01 1 0 00 
087 3 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1 096 06 3 5 04 
088 310001001001110111 094 000000 
089 310001000010000011 098 000000 
090 311110010000000111 120 0000 00 
091 3 1 0 1 00 1 0 1 00 1 0 1 0 0 0 1 095 00 0 0 00 
092 3 1 1 0 0 1 0 0 0 0 0 0 0 1 1 0 1 1 094 00 0 0 00 
093 3 1 1 1 1 0 0 1 0 1 0 1 1 1 0 1 0 0 090 00 3 2 03 
094 3 1 1 0 0 1 1 0 1 1 0 1 1 1 0 1 0 1 095 00 0 0 00 
095 3 1 1 0 1 1 1 1 1 1 0 1 1 1 0 1 1 1 089 00 0 0 00 
096 3 1 1 1 1 1 0 1 1 1 0 1 1 1 0 1 1 0 094 00 0 0 00 
097 3 1 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0 086 00 0 0 00 
098 3 1 0 0 0 1 1 0 0 0 1 1 0 0 0 1 1 1 090 02 2 2 01 
099 3 1 1 0 0 0 1 0 0 0 1 1 1 0 0 1 1 0 092 03 3 0 03 
100 3 1 0 0 0 1 1 1 1 1 0 1 1 0 1 1 0 1 090 02 2 1 04 
101 3 0 1 0 1 1 0 0 0 1 1 0 1 0 0 1 0 0 114 00 0 0 01 
102 3 0 1 0 1 0 1 1 0 1 0 0 0 1 0 1 0 0 104 09 0 0 01 
103 3 0 1 0110 1 0 1 0 0 0 1 0 1 01 105 00 0 0 00 
104 3 0 1 0 1 0 0 1 0 1 0 1 1 0 0 1 0 1 105 00 0 0 00 
105 3 0 1 0 0 1 1 1 1 1 0 0 1 1 0 1 0 1 110 00 0 1 00 
106 3 0 0 1 0 0 0 0 1 0 0 0 0 0 0110 112 00 0 0 00 
107 300100101000010000 100 00 00 01 
108 3 0 1 0 1 1 1 1 0 1 0 1 1 1 0 0 1 0 110 02 1 2 01 
109 3 0 1 0 1 0 1 1 0 0 0 1 1 1 0 1 0 0 102 00 0 1 01 
110 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 00 100 00 0 2 02 
111 3 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 098 00 0 2 01 
112 3 0 0 1 0 0 0 1 0 1 0 0 1 0 0 0 0 0 098 24 0 0 00 
113 300100000000000100 094 00 00 00 
114 3 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 100 00 0 0 01 
115 3 0 1 0 1 0 0 0 0 1 0 0 1 0 0 1 0 1 115 00 0 0 01 
116 3 0 0 0 0 1 0 1 0 1 0 0 1 0 0 1 0 0 100 00 0 0 00 
117 3 0 1 0 0 1 1 1 0 1 0 0 0 1 0 1 0 0 100 00 0 0 00 
118 3 0 1 0 0 0 0 1 1 0 0 0 0 1 1 0 1 0 104 00 1 0 02 
119 3 0 1 1 0 0 0 1 1 0 0 0 0 1 0 0 1 0 089 03 0 1 04 
120 3 0 0 1 0 1 0 1 0 0 0 0 0 1 1 1 0 0 101 01 1 1 02 
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APPENDIX E: SHAPIRO-WILK NORMALITY TEST PROGRAM FILE 
110 
TITLE 'THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER'; 
TITLE2 'SHAPIRO-WILK TEST FOR NORMALITY'; 
data disrtatn; 
infile '/home/hfwalker/disrtatn.dat'; 
ut num col ins dl d2 d3 d4 d5 d6 d7 d8 d9 dlO dll dl2 dl3 dl4 dlS dl6 hrs wkp 
V ds; 
data disrtatn; 
set disrtatn; 
Sum«=dl+d2+d3+d4+d5+d6+d7+d0+ 
d9+dl0+dll+dl2+dl3+dl4+dl5+dl6; 
proc univariate normal plot; 
var sum; 
id num; 
run; 
I l l  
APPENDIX F: SHAPIRO-WILK NORMALITY TEST OUTPUT HLE 
112 
THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WAiKER 1 
SHAPTRO-WILK TEST FOR NORMALITY 
22:47 Thursday, March 30, 1995 
Univariate Procedure 
Variable"SUM 
Moments 
N 120 Sum Wgts 120 
Mean 9.1 Sum 1092 
Std Dev 3.430952 Variance 11.77143 
Skewness -0.08641 Kurtosis -0.88094 
USS 11338 CSS 1400.8 
CV 37.70276 Std Mean 0.313202 
T;Mean""0 29.05477 Prob>|T| 0.0001 
Num 0 120 Num > 0 120 
M(Sign) 60 Prob>|M| 0.0001 
Sgn Rank 3630 Prob>|S| 0.0001 
W:Normal 0.953575 Prob<W 0.0018 
Quantiles(Def=5) 
100% Max 16 99% 15 
75% Q3 12 95% 14 .5 
50% Med 9 90% 13.5 
25% Q1 6 10% 4 
0% Min 2 S% 4 
1% 2 
Range 14 
Q3-Q1 6 
Mode 8 
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THIS PR0GR7VM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 2  
SHAPIRO-WILK TEST FOR NORMALITY 
22:47 Thursday, March 30, 1995 
Variable-SUM 
Univariate Procedure 
Extremes 
Lowest 
2 (  
2 (  
2 (  
3< 
3( 
ID 
113) 
110) 
40) 
74) 
37) 
Highest 
15 < 
15 (. 
15( 
15( 
16( 
ID 
2 )  
6 )  
35) 
49) 
14) 
Stem Leaf # Boxplot 
16 0 1 I 
15 00000 5 I 
14 000000 6 I 
13 000000000000 12 | 
12 0000000000 10 + + 
11 00000000000 11 I I 
10 0000000000000 13 I I 
9 0000000 7 *—+—* 
8 00000000000000 14 | | 
7 0000000000 10 I I 
6 00000000000 11 + + 
5 OOOOOOO 7 I 
4 00000000 8 I 
3 00 2 I 
2 000 3 I 
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THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 3 
SHAPIRO-WILK TEST FOR NORMALITY ' 
22:47 Thursday, March 30, 1995 
Variable»»SUM 
Univariate Procedure 
Normal Probability Plot 
16.5+ +++ * 
if it "k i( it 
it it it it ^  
***** 4. 
***+++ 
* * w *<f 4* 
* * *«f4* 
9.5+ **++ 
* * * nr 
N * * 
* * * 
* * * 
* * * * *4. 
**+++ 
2.S+* * *++ 
+ + + + + + + + + + + 
-2 -1 0 +1 +2 
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APPENDIX G: ANCOVA PROGRAM FILE 
116 
TITLE 'THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.tRED WALKER'; 
TITLE2 'ANCOVA ANALYSIS'; 
data disrtatn; 
infile '/horae/hfwalker/disrcatn.dat'; 
i 't num col ins dl d2 d3 d4 dS d6 d7 d8 d9 dlO dll dl2 dl3 dl4 dl5 dl6 lirs wkp 
c, aS; 
data disrtatn; 
set disrtatn; 
3uai"dl+d2+d3+d4+dS+d6+d7+d8+ 
d9+dlO+dll+dl2+dl3+dl4+dlS+dl6; 
proc glm data-disrtatn; 
class col ins; 
model sum-col ins col*ins; 
proc glm data-disrtatn; 
class col ins; 
model swn-col ins col*ins hrs wkpr tdra nonr manu; 
means col ins; 
Ismeana col ins; 
contrast 'coll vs. ool2' col 1 -i 0; 
contrast 'coll ^^s. col2' col 1 1 -2; 
proc glm data-disrtatn; 
class col ins; 
•odel sum-hrs wjqir tdra nonr manu; 
run; 
117 
APPENDIX H: ANCOVA OUTPUT FILE 
118 
THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, February 23, 1995 
General Linear Models Procedure 
Class Level Information 
Class Levels Values 
COL 3 12 3 
INS 2 0 1 
Number of observations in data set = 120 
119 
THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
1 4 : 4 9  T h u r s d a y ,  F e b r u a r y  2 3 ,  1 9 9 5  
General Linear Models Procedure 
Dependent Variable: SUM 
Sum of Mean 
Source DF Squares Sc[uare F Value Pr > F 
Model 5 535.300000 107.060000 14.10 0.0001 
Error 114 865.500000 7.592105 
Corrected Total 119 1400.800000 
R-Square C.V. Root MSE SOM Mean 
0.382139 30.27887 2.75538 9.10000 
Source DF Type I SS Mean Square F Value Pr > F 
COL 2 308.150000 154,075000 20.29 0.0001 
INS 1 224.133333 224.133333 29.52 0.0001 
COL*INS 2 3.016667 1.508333 0.20 0.8201 
Source DF Type III SS Mean Square F Value Pr > F 
COL 2 308.150000 154.075000 20.29 0.0001 
INS 1 224.133333 224.133333 29.52 0.0001 
COL*INS 2 3.016667 1.508333 0.20 0.8201 
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THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, February 23, 1995 
General Linear Models Procedure 
Class Level Information 
Class Levels Values 
COL 3 12 3 
INS 2 0 1 
Number of observations in data set = 120 
121 
THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, February 23, 1995 
General Linear Models Procedure 
Dependent Variable: SUM 
Sum of Mean 
Source DF Sc[uares Square F Value Pr > F 
Model 10 563.173841 56.317384 7.33 0.0001 
Error 109 837.626159 7.684644 
Corrected Total 119 1400.800000 
R-•Square C.V. Root MSE SUM Mean 
0. 402037 30.46285 2.77212 9.10000 
Source DF Type I SS Mean Square F Value Pr > F 
COL 2 308.150000 154.075000 20.05 0.0001 
INS 1 224.133333 224.133333 29.17 0.0001 
C0L*1NS 2 3.016667 1.508333 0.20 0.8221 
HRS 1 19.578176 19.578176 2.55 0.1134 
WKPR 1 1.527664 1.527664 0.20 0.6566 
TDRA 1 0.254884 0.254884 0.03 0.8558 
NONR 1 0.837817 0.837817 0.11 0.7419 
MANU 1 5.675299 5.675299 0.74 0.3920 
Source DF Type III SS Mean Square F Value Pr > F 
COL 2 141.657596 70.828798 9.22 0.0002 
INS 1 172.861058 172.861058 22.49 0.0001 
COL*INS 2 0.161936 0.080968 0.01 0.9895 
HRS 1 16.261182 16.261182 2.12 0.1486 
WKPR 1 1.354327 1.354327 0.18 0.6755 
TDRA 1 0.001086 0.001086 0.00 0.9905 
NONR 1 2.751988 2.751988 0.36 0.5508 
MANU 1 5.675299 5.675299 0.74 0.3920 
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THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, February 23, 1995 
Level of 
COL N 
1 40 
2 40 
3 40 
Level of 
COL N 
1 40 
2 40 
3 40 
Level of 
COL N 
1 40 
2 40 
3 40 
Level of 
INS N 
0 60 
1 60 
el of 
INS N 
0 60 
1 60 
Level of 
INS 
Mean 
11.0750000 
9.0750000 
7.1500000 
General Linear Models Procedure 
SUM 
-WKPR-
Mean 
9.10000000 
3.15000000 
1.62S00000 
Mean 
1.87500000 
1.30000000 
0.82500000 
-NONR-
-SOM-
Mean 
7.7333333 
10.4666667 
Mean 
1.61666667 
7.63333333 
-WKPR-
-NONR-
N Mean 
SO 
3.50375257 
3.01608933 
2.57751620 
SD 
20.1974865 
11.4590687 
4.4242195 
SD 
2.11451031 
1.26491106 
1.70801279 
SD 
3.34393793 
2.95999695 
SD 
4.1664181 
18.8355656 
SD 
Mean 
103.250000 
110.550000 
98.975000 
-HRS-
Mean 
2.55000000 
1.55000000 
0.50000000 
-MANU-
Mean 
5.07500000 
2.72500000 
0.92500000 
-HRS-
Mean 
102.566667 
105.950000 
-TDRA-
Mean 
1.48333333 
1.58333333 
-MANU-
SD 
19.6191299 
18.8366119 
9.2306277 
-TDRA-
Mean 
SD 
1.17560677 
1.73869978 
0.93369956 
SD 
4 .15338910 
2.07534365 
1.26870619 
SD 
18.4421833 
15.6783614 
SD 
1.79916804 
1.29263450 
SD 
0 60 1.41666667 1,73978049 2.50000000 3.07256863 
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THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, February 23, 1995 
General Linear Models Procedure 
Level of NONR MANU 
INS N Mean SD Mean SD 
1 60 1.25000000 1.80981318 3.31666667 3.3773S061 
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THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, Febmiary 23, 1995 
General Linear Models Procedure 
Least Squares Means 
COL SDM 
LSMEAN 
1 10.9172755 
2 8.9504103 
3 7.4323141 
INS SUM 
LSMEAN 
0 7.8436616 
1 10.3563384 
125 
THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, February 2 3 ,  1 9 9 5  
General Linear Models Procedure 
Dependent Variable: SDM 
Contrast 
coll vs. col2 
coll vs. col2 
DF 
1 
1 
Contrast SS Mean Scjuare F Value 
59.752904 
109.676743 
59.752904 
109.676743 
7.78 
14 .27 
Pr > F 
0.0063 
0.0003 
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THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, February 23, 1995 
General Linear Models Procedure 
Class Level Information 
Class Levels Values 
COL 3 12 3 
INS 2 0 1 
Number of observations in data set •= 120 
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THIS PROGRAM PKRTAINS TO THE DISSERTATION OF H.FRED WALKER 
ANCOVA ANALYSIS 
14:49 Thursday, February 23, 1995 
General Linear Models Procedure 
Dependent Variable: SUM 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
Model 5 276.036479 55.207296 5.60 0.0001 
Error 114 1124.763521 9.866347 
Corrected Total 119 1400.800000 
R-Square C.V. Root MSE SUM Mean 
0. 197056 34.51730 3.14107 9.10000 
Source DF Type I SS Mean Square F Value Pr > F 
HRS 1 58.6450691 58.6450691 5. 94 0.0163 
WKPR 1 66.5453262 66.5453262 6.74 0.0106 
TDRA 1 80.6485788 80.6485788 8.17 0.0051 
NONR 1 0.6561614 0.6561614 0.07 0.7970 
MANU 1 69.5413437 69.5413437 7. 05 0.0091 
Source DF Type III SS Mean Square F Value Pr > F 
HRS 1 23.2683451 23.2683451 2.36 0.1274 
WKPR 1 36.0585973 36.0585973 3. 65 0.0584 
TDRA 1 20.1475036 20.1475036 2.04 0.1557 
NONR 1 4.2657736 4.2657736 0.43 0.5122 
MANU 1 69.5413437 69.5413437 7.05 0.0091 
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APPENDIX I: COVARIATE MEANS AND STANDARD DEVIATIONS 
SUBGROUP 
Mean 
VI 
Std. Der Mean 
V2 
Std. Dev Mean 
V3 
Std. Dev Mean 
V4 
Std. Dev Mean 
V5 1 
Std. Dev 1 
Industrial Technology 
(with instruction) 
105,85 14.41 16.30 26.66 2.65 1.14 1.60 2.01 6.05 4.07 1 
Industrial Technology 
(w/out instruction) 
100.65 23.84 1.90 4.15 2.45 1.23 2.15 2.23 4.10 4.10 
Industrial Engineering 
(with instruction) 
117,10 14.14 5.30 15.97 1.25 0.79 1.00 0.86 2.95 1.64 
Industrial Ei^ineering 
(w/out instruction) 
104,00 20.93 1.00 2.18 1.85 2.32 1.60 1.54 2.50 2.46 
Business 
(with instruction) 
94.90 9.81 1.30 2.94 0.85 1.18 1.15 2.28 0.95 1.50 
Business 
(w/out instruction) 
103.05 6.61 1.95 5.60 0.15 0.37 0.50 0.76 0.90 1.02 
KEY: VI = # of semester hours of collegiate-level credit 
V2 = # of months worked in a production assignment 
V3 = # of secondary or post-secondary technical drafting 
V4 = # of secondary or post-secondary drawing or illustration courses 
V5 = # of secondary or post-secondary manufacturing courses 
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APPENDIX J: POST-HOC ANCOVA PROGRAM FILE 
131 
TITLE 'THIS PROGRAM PERTAINS TO THE DISSERTATION OF H.FRED WALKER'; 
TITLE2 'POST-HOC ANCOVA ANALYSIS'; 
data disrtatn; 
infile '/home/hfwalker/disrtatn.dat'; 
i' t num col ins dl d2 d3 d4 d5 d6 d7 d8 d9 dlO dll dl2 dl3 dl4 dlS dl6 hrs wkp 
c. .s; 
data disrtatn; 
set disrtatn; 
siiiH"*dl+d2+d3+d4+dS+d6+d7+d8+ 
d9+dl0+dll+dl2+dl3+dl4+dl5+dl6; 
proc glm data-disrtatn; 
model sum-hrs wkpr tdra nonr manu; 
run; 
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APPENDIX K; POST-HOC ANCOVA OUTPUT FILE 
133 
THIS P-ROGRAM PSRTAINS TO THS DISSERTATION OF E.FRED WALKER 2 
POST-HOC ANCOVA ANALYSIS 
15:2'! Thursday, Febiruary 23, 199S 
General Linear Models Procedure 
Dependent Variable; SDM 
Source DF 
Model 5 
Error 114 
Corrected Total 119 
R-Square 
0 .197056 
Sura of 
Squares 
276.036479 
1124.763521 
1400.800000 
C.V. 
34.51730 
Mean 
Square 
55.207296 
9.866347 
Root MSE 
3.14107 
Value ?r > r 
I* 
5.60 0.0001 
S0M Mean 
9.10000 
Source DF Type I SS Mean Square F Value Pr > F 
HRS 58.6450691 58.6450691 5.94 0.0163 
WK?R I 66.5453262 66.5453262 6.74 0.0106 
TDRA 80.6485788 80.6485788 8.17 0.0051 
NONR 0.6561614 0.6561614 0.07 0 . 7 9 7 0  
MANU I 69.5413437 59.5413437 7.05 0.0091 
Source DF Type III SS Mean Square F Value Pr > F 
HP^ 1 23.2683451 23.2683451 2.36 0.1274 
WKPR 1. 36.0585973 36.0585973 3.65 0.0584, 
TD-^ IA i_ 20.1475036 20.1475036 2.04 0.1557' 
KONR I 4.2657736 4 .2657736 0.43 0.5122 
1 69.5413437 69.5413437 7.05 0.0091 
Parameter 
IJJTERCEPT 
ERS 
WiCP. 
T3RA 
>rCNR 
MANa 
Estimate 
5.028401217 
0.026330197 
0.040503238 
0 .301559639 
-0.118133478 
0.286847675 
T for HO: Pr > 
Parameter-0 
2,79 
1.54 
1. SI 
1.43 
-0.56 
2 . 65 
0.0061 
0.1274 
0.0584 
0.1557 
0.5122 
0.0091 
Std Error of 
Estimate 
.79981954 
,01714548 
,02118671 
.21102334 
17966036 
0.10804582 
